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Once  more  I am  called  upon  to  decide  whether  the  “ Theory 
and  Practice  of  Modern  Brewing,”  which,  as  my  readers  will 
remember,  constituted  an  enlarged  and  almost  entirely  re-written 
edition  of  “ The  Art  of  Brewing,”  published  originally  many 
years  ago,  should  itself  be  reissued  without  further  correction,  or, 
on  the  other  hand,  be  so  improved  upon,  as  to  place  it  in  the 
position  of  a work  dealing  with  all  the  more  important  modern 
methods  of  brewing,  by  the  addition  of  an  Appendix  describing, 
in  more  or  less  detail,  those  particular  points  of  existing  practice 
which  are  deserving,  more  than  ever,  I think,  of  careful  notice  on 
the  part  of  brewers  generally. 

After  due  consideration  I have  come  to  the  conclusion  that  it 
would  be  far  better  to  leave  the  original  work  intact,  at  the 
same  time  combining  all  special  reference  to  new  plant  and 
the  means  of  working  it  in  a special  Appendix  to  the  original 
pubhcation,  so  illustrating  this,  that  readers  may  the  more 
readily  understand  not  only  the  workmg  of  the  arrangements 
specified,  but  the  improvements  in  general  process  that  may  be 
determined  through  their  agency. 

My  idea  will  perhaps  become  more  apparent  if  I specially  refer 
at  once  to  the  new  plant  that  I think  of  dealing  with,  making 
brief  reference  at  the  same  time  to  the  several  objects  for  which 
it  is  used,  since  this  mil  enable  me  to  divide  my  subject  into  a 
series  of  chapters  constituting  the  basis  of  the  Appendix  m question. 
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The  general  tendency  of  recent  alterations  in  fiscal  laws,  taken 
in  conjunction  with  the  very  pronounced  preference  on  the  part 
of  the  public  durmg  the  last  few  years  for  weaker  beers,  has 
indeed  rendered  the  adoption  of  certain  plant  appliances  for  deter- 
mining the  requisite  alteration  in  character  of  a mere  infusion 
wort  an  absolute  necessity. 

For  instance,  since  the  abandonment  of  the  malt  duty,  types 
of  grain  have  come  into  use  and  methods  of  malting  have  been 
carried  out  that  have  led  insensibly  to  the  production  of  infusion 
worts  almost  entirely  destitute  of  dextrine,  or,  at  any  rate,  of 
dextrme  in  sufficient  quantity  to  determine  that  persistent  palate 
of  beer  that  is  thought  so  necessary,  while  as  public  taste  has 
been  drifting  in  the  direction  of  a decided  preference  for  low 
gravity  beers  in  place  of  those  of  extreme  body  and  strength, 
that  were  indeed  so  dihgently  sought  after  a few  years  ago, 
this  question  of  uifusion  extract  and  its  general  composition  has 
of  necessity  become  more  and  more  important. 

It  is  well  known,  I think,  that  the  theoretical  transformation 
products  of  malt  starch  (or  rather  of  malt  extract)  contain,  as 
a rule,  about  60  or  62  per  cent,  of  maltose  and  20  or  22 
per  cent,  of  dextrine,  while  for  reasons  in  connection  with 
altered  character  of  material,  the  adoption  of  low  infusion  heats, 
subdivision  of  mash  wort,  and  stewing  dm’ing  collection  process, 
this  theoretically  normal  composition  of  wort  extract  is  no  longer 
very  common,  the  ordinary  dextrine  constituent  in  the  case  ot 
infusion  worts  havuig  diminished  to  a proportion  not  exceeding, 
as  a rule,  some  10  or  12  per  cent,  upon  total  solids. 

I am  not  saying  or  wishing  my  readers  to  infer  for  a moment 
that  the  dextrinous  bodies  are  the  sole  constituents  of  wort  capable 
of  communicating  body,  viscidity,  or  foaming  capacity  to  resulting 
beer ; but  they  are,  at  any  rate,  of  very  great  importance,  the 
exact  percentage  in  which  they  exist  having  much  to  do  not 
only  with  the  condition  of  beer,  but  the  way  in  which  it 
matures  during  lengthy  storage. 
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In  the  production  of  weak  beers  again  the  dextrine  percentage 
is  constantly  decreasing,  not  only  as  a result  of  dilution,  but  . 
on  account  of  the  stewing  method  of  wort  collection  previously 
mentioned. 

In  the  next  place,  alterations  in  methods  of  agriculture, 
chmatic  changes,  and  the  use  of  artificial  chemical  manures, 
have  led,  no  doubt,  singly  or  combinedly,  to  large  increase  in 
the  particular  proportion  of  alterable  nitrogenous  matters  existing 
in  malt  and  temporarily  soluble  in  mash  wort,  though  capable, 
on  account  of  their  alterable  tendency,  of  subsiding  from  solution 
at  different  stages  of  the  brewing  process,  frequently  indeed,  and 
in  this  case  most  unfortunately,  after  the  finished  beer  has  been 
placed  in  cask. 

Now,  as  the  transformation  products  of  malt  extract  obtained 
under  the  infiuence  of  a mere  infusion  mashing  process  are  no 
longer  altogether  recommendable  in  quahty  or  proportion,  Enghsh 
brewers  have  been  strenuously  advised  to  foUow  the  lines  of 
Continental  workmg,  foreign  competitors  being,  indeed,  exceed- 
ingly successful  in  producing  beers  exceptionally  low  in  gravity, 
but,  nevertheless,  possessing  the  favouring  qualifications  of  definite 
somidness,  body,  sparkling  condition,  and  foaming  tendency. 

Such  quahties  are,  of  course,  very  significant  to  English  brewers, 
since  our  weak  beers  of  home  production  are  not,  as  I think, 
characterised  by  any  of  the  conditions  named,  light  Enghsh 
beer  being  frequently  fiat,  thin  upon  the  palate,  doubtful  in  point 
of  brilhancy,  while  unfortunately  exhibiting  a great  tendency  to 
premature  age. 

I intend,  therefore,  devoting  the  second  chapter  of  the  Appendix  to 
the  subject  of  modern  mashing,  showing,  both  by  text  description 
and  illustration,  how  the  character  of  mash  wort  can  be  modified, 
not  by  the  adoption  of  the  German  system  in  its  entirety,  but  by 
certain  modifications  of  existing  process  that  determine  percentage 
alteration  in  the  component  parts  of  malt  extract,  such  modifica- 
tions, I think,  being  very  beneficial  in  infiuence. 
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I shall  point  out  also  how  it  is  possible  to  eliminate  certain 
alterable  forms  of  nitrogenous  matter  by  direct  oxidation,  without 
injury  to  the  other  constituents  of  malt  wort,  so  long  as  such 
aeration  method  is  carried  out  under  stringent  regulations  that 
will  be  duly  specified  in  detail. 

In  the  next  place,  recognishig  that  a tendency  on  the  part  of 
many  Enghsh  brewers  has,  during  recent  years  more  especially, 
been  noticeable  in  the  adoption  of  steam  as  a direct  heating  agency, 
while  the  majority,  I fear,  are  more  or  less  wofully  ignorant  of  the 
reasons  which  determine  occasional  non-efficiency  of  steam  heat, 
and  the  difference  that  exists  between  the  influence  of  steam 
injected  into  wort  under  pressure,  and  the  same  vapour  used 
indirectly  through  the  agency  of  coils  or  steam  jacket,  I think  it 
will  be  well  to  devote  some  of  my  remarks  to  this  important 
subject,  while,  as  it  is  neither  safe  nor  advisable  to  employ  naked 
steam  unless  it  be  pure,  so  in  my  chapter  on  the  subject  of 
boiling  operations,  I propose  illustrating  in  detail  a method  of  not 
only  determining  the  full  efficiency  of  steam  boilers  as  the  som’ces 
of  steam  mider  pressure,  but  describing  how  such  steam  can  be 
obtained  in  a state  of  purity,  illustrating  also  a form  of  water- 
softening plant  of  perfectly  modern  construction  that  is  now  being 
worked  in  many  large  Enghsh  manufactories. 

What  difficulty,  again,  is  more  common  than  that  of  successful 
yeast  reproduction  ? How  many  brewers,  for  instance,  experience 
disaster  through  employing  weak  yeast,  and  how  very  few  under- 
stand the  various  methods  of  reviving  yeast  when  it  has  become 
definitely  weak  ? Eecognising,  therefore,  the  importance  of  this 
subject,  and  the  interesting  nature  of  it  to  the  large  majority  of 
English  brewers,  I have  thought  it  advisable  to  write  a chapter  on 
fermentation  as  a whole. 

How  could  I better  explain  modern  ideas  than  by  teachmg  the 
connection  that  exists  between  oxygen  and  yeast,  while  illustrating 
also  the  means  of  supplying  oxygen  in  a state  of  purity,  explaining 
the  connection  that  exists  between  cold  and  purity  of  yeast. 
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and  the  available  means  of  determining  the  low  temperature  of 
atmosphere  requisite  in  the  case  of  a well- arranged  fermenting 
room  ? 

Passing  to  the  special  subject  of  yeast  revival,  what  course 
could  he  better  than  to  describe  how  yeast  can  be  fed  and 
remvigorated  practically  in  a nutritive  wort,  and  to  explain  how 
such  wort  can  be  prepared,  while  illustrating  at  the  same  time 
the  plant  used  for  this  particular  purpose  ? 

Finally,  as  the  microscope  has  now  come  into  general  use 
in  breweries,  and  as  the  old-fashioned  methods  of  determining 
fitness  of  yeast  for  pitching  purposes  are  no  longer  accepted 
as  altogether  reliable,  the  paragraphs  on  the  subject  of  “ The 
Microscope  and  How  to  use  It  ” may  not  seem  out  of  place, 
or  prove  miinteresting  even  to  those  readers  who  are  expecting 
to  find  general  information  only  on  the  subject  of  fermenta- 
tion itself. 

Other  facts,  indeed,  are  equally  suggestive, — brewing  firms,  for 
instance,  find  it  necessary  each  year  to  extend  their  trade, 
competition  driving  them  to  do  this,  while,  in  order  to  face 
competition,  the  brewer  must  be  prepared  to  economise  in  cost 
price  of  beer  production,  definite  increase  in  output  of  plant 
minimising  very  distinctly  ’ the  working  expenses,  and,  as  a 
consequence  of  this,  the  actual  cost  of  beer. 

However  advisable  at  first  sight  an  agency  trade  may  be,  it 
invariably  leads  to  one  result  that  has  to  be  considered  by  the 
brewer  desiring  to  manage  his  business  in  a thoroughly  satis- 
factory manner ; for,  while  it  is  possible,  when  dealing  with  a 
merely  local  trade,  to  limit  “ returns  ” to  a very  small  percentage 
upon  output,  this  percentage  runs  up  in  a most  alarming  manner 
if  the  brewer  embarks  upon  an  agency  trade,  especially  if  such 
agencies  are  placed  under  the  control  of  men  who  have  no 
knowledge  as  to  the  character  of  beer,  or  the  treatment  that 
is  requisite  during  prolonged  periods  of  storage. 

I intend,  therefore,  to  devote  a chapter  to  the  question  of  storage 
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as  a whole,  detailing  various  methods  of  effectually  bringing 
“ returns  ” into  a condition  that  enables  the  brewer  to  gradually 
mix  them  off  without  detriment  to  the  blend,  while  illustrating 
also  the  plant  that  is  usually  employed  for  this  purpose. 

Lastly,  as  laboratory  teaching  seems  to  be  a necessity  at  the 
present  day,  and  as  chemical  knowledge  is  certainly  the  basis  of  all 
success  in  practical  brewing,  I purpose  devoting  a chapter  to  a brief 
description  of  the  various  analytical  processes  that  seem  to  me 
absolutely  necessary  as  a part  of  the  knowledge  possessed  by  each 
brewer,  referring  also  in  my  text  to  those  biological  and  bacterio- 
logical processes  that  are  at  present  carried  out  in  determining 
the  distinction  that  exists  between  mere  quantity  as  compared  with 
quality  of  extract,  and  in  this  way  I hope  to  compile  an  Appendix 
that  will  cover  all  points  of  modern  Imowledge,  and  enable  readers 
to  thoroughly  understand  the  many  advanced  theories  that  are 
continually  being  debated  m the  more  scientific  journals. 


The  Laboratory, 

Langley,  Oldbury  ; and 


3,  Furnival’s  Inn, 
London,  E.C. 


December,  1887. 
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It  was  in  1876  that  I first  published  what  must  now  seem  a 
very  elementary  work  on  Brewing,  since  I may  say,  without  any 
fear  of  contradiction,  that  brewing  was  then  a very  simple  matter, 
as  compared  with  the  more  complex  process  of  the  present  time. 
Increasing  competition,  comparative  inferiority  of  material,  and  a 
growing  public  taste  for  weaker  beers,  have  certainly  combined 
to  render  the  manipulation  of  necessity  more  and  more  difficult, 
and  to  bring  it  into  more  perfect  connection  with  theoretical 
teachmg,  while,  if  any  proof  were  needed  for  the  statement  that 
greater  skill  and  attention  to  detail  has  gradually  been  becommg 
more  and  more  necessary,  what  better  one  could  be  urged  than  the 
rapidly  increasing  employment  of  chemical  antiseptics  and  pre- 
servatives that  were  entirely  unused,  and,  indeed,  unthought  of, 
a few  years  back? 

In  1878  a second  edition  of  the  original  work  appeared,  enlarged 
by  an  appendix,  the  chief  feature  being  that  the  new  subject 
matter  gave  brewers,  at  any  rate,  some  scanty  knowledge  of  the 
connection  that  necessarily  existed  between  yeast  as  a plant,  and 
wort  as  the  field  of  growth,  subject  matter  which  was  of  course 
suggested  by  Pasteur’s  Ekides  sur  la  bUre  which  appeared  about 
that  time. 

The  following  year,  a third  edition  was  asked  for,  but  so  loth 
was  I to  continue  the  publication  of  crude  information,  so  anxious 
to  explain  the  art  of  brewing  in  a practically  simple,  yet  theoreti- 
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eally  truthful  manner,  that  I determined  in  my  leisure  to  re-write 
the  whole  work,  improving  the  theory,  and  largely  extending  the 
practical  portion  of  the  subject,  all  that  follows  being  the  result  of 
the  determination  so  formed. 

It  is  difficult  to  please  scientific  and  mere  practical  readers  at 
the  same  time,  and  perhaps  there  is  the  less  reason  to  gratify  the 
former,  as  far  more  advanced  works  on  the  subject  of  modern 
brewing  are  constantly  being  published ; but,  at  any  rate,  I may 
express  the  hope  that  even  to  scientific  readers  my  theory  may 
appear  sound,  and  to  the  brewer  interesting,  as  explanatory  of  the 
process  that  he  has  to  conduct. 

I have  to  tender  my  ready  thanks  to  Mr.  G.  E.  Wilson,  of 
Frome,  for  the  aid  he  has  kindly  given  me  hi  the  matter  of  illustra- 
tions, which  will,  I think,  prove  serviceable  to  many  of  my  readers, 
and  to  those  in  personal  connection  with  myself  who  have  rendered 
assistance  in  preparation  of  copy  and  revision  of  proofs.  In  con- 
clusion, I venture  to  hope  that  “ The  Theory  and  Practice  of 
Modern  Brewing”  will  prove  as  interesting . to  brewers  of  the 
present  day  as  “ The  Art  of  Brewing”  seemed  to  be  when  it  was 
first  published. 


The  Labouatokt, 

Ckosswells  Brewery,  Oldbury, 


Jamianj,  1884. 
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MODEEN  BEEWING. 


OHAPTEH  I. 

INTRODUCTION. 

On  being  asked  to  revise  and  issue  a third  edition  of 
The  Art  of  Brewing,”  I thought  it  best  to  consider 
if  some  improvements  could  not  be  made,  some  addi- 
tional subject  matter  added. 

A second  appendix  was  out  of  the  question  ; while 
some  of  the  chapters  of  the  original  work  struck  me 
as  so  crude  and  elementary  in  view  of  the  new  and 
increasing  knowledge  we  have  of  theoretical  brewhig, 
and  the  freedom  of  choice  in  regard  to  material  that 
new  fiscal  regulations  practically  allow  brewers,  that 
I finally  came  to  the  conclusion  that  the  safest  plan, 
so  far  as  my  own  reputation  was  concerned,  was  to 
entirely  re-write  all  chapters  that  I thought  faulty, 
add  one  or  two  others  likely  to  prove  of  special  in- 
terest, and  engraft  the  appendix  to  the  second  edition 

of  “ The  Art  of  Brewing  ” into  the  body  of  a new 
work. 

Thus  the  chapters  on  Water,  Mashing,  and  Fer- 
mentation will  be  found  much  enlarged,  the  subject- 
matter  brought  into  some  sort  of  miison  with  modern 
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Imowledge  ; while  the  sections  on  Brewing  Calculations 
and  Applied  Chemistry  are  entirely  new.  The  latter 
chapter,  however,  is  not  very  lengthy,  for  the  simple 
reason  that  in  response  to  urgent  requests  I have 
determined  to  publish  as  soon  as  possible,  with  the 
aid  of  my  chemical  assistant,  a text-book  on  chemistry 
for  brewery  pupils — a book  which  will  contain  full 
information  as  to  the  modus  operatidi  of  the  brewer’s 
laboratory,  in  reference  to  the  analysis  of  waters,  malts, 
sugars,  malt  substitutes,  and  so  forth.  While  doing 
all  this,  I have  tried  to  keep  to  my  original  idea,  and 
write  a book  more  for  the  brewer  than  for  the  scientific 
student,  sketching  practically  the  simple  principles, 
which,  as  I hold,  explain  so  clearly  the  various  stages 
of  the  brewer’s  art. 

If  brewers  will  take  a word  of  advice  from  me,  they 
will  study  constantly  and  well  the  question  of  crude 
and  peptonised  albuminous  matter  and  its  vast  direct 
and  indirect  influence  ; for  I do  not  go  too  far  in  saying 
that  sooner  or  later  we  shall  have  conclusive  proof  that, 
practically  acting  as  the  food  of  yeast,  the  nitrogenous 
bodies  of  grain  centre  as  the  turning-point  upon  which 
all  success  or  disaster  in  brewing  eventually  hinges. 
This,  he  it  imderstood,  is  no  strictly  modern  view ; it 
has  existed  in  more  or  less  definite  shape  for  many 
years,  from  the  time  of  the  Liebig  theory  era  to  the 
present ; but  the  more  we  work  with  the  “ microscope” 
and  the  “ forcing  tray,”  and  carefully  study  the  various 
systems  of  brewing  practised  in  England  and  on  the 
Continent,  the  more  we  learn  how  close  the  connection 
is  between  soluble  albumen  as  the  food  of  yeast,  and 
this  yeast  as  the  motive  agent  of  changes  that  lead 
to  either  improvement  or  deterioration  in  the  quality 
of  beer. 


MODERN  BREWING. 


3 


My  firm  hope  is  that  my  readers  will  understand, 
after  mastering  this  work,  why  a certain  extent  of  theo-  Theory  and 

. , practice. 

retical  knowledge  is  required.  Havuig  it  not  alone 
but  blended  with  practical  experience,  we  may  mi- 
doubtedly  hope  to  succeed : while,  without  it,  we  can 
but  follow  the  teaching  of  our  practical  instructor,  and 
imitate  his  success  only  so  long  as  the  conditions 
influencing  our  work  are  similar  to  his  own.  Li  other 
words,  proper  theoretical  knowledge  enables  us  to  brew 
anywhere  more  or  less  successfully,  although  this  view 
is  laughed  to  scorn  by  many  who  are  older,  and,  may 
be,  wiser  than  myself. 

It  is  with  confidence,  however,  that  I advance  such 
opinion  ; and  the  success  which  my  former  work  met 
with — a success  far  exceeding  all  expectations — proves 
to  me  that  the  opinion  is  shared  by  a large  number  of 
the  brewing  world  also. 


4 


THE  THEORY  AND  PRACTICE  OP 


Influence  on 
type  of  yeast. 


Impurities  of 
■water. 


CHAPTER  II. 

WATER. 

I DO  not  overstep  the  mark  in  saying  that  the  subject 
of  water  supply  has  a very  great  influence  m regard 
to  brewing.  The  purity  of  it  alone  is  a matter  of 
much  importance,  while  its  saline  character  practically 
demonstrates  the  type  of  beer  that  can  successfully  be 
produced  by  its  use,  most  probably  by  determining  the 
system  of  fermentation  that  must  be  followed  if  results 
are  to  prove  successful.  English  brewers  are  too  apt 
to  regard  fermentation  as  a matter  of  secondary  im- 
portance, an  action  induced  by  the  so-called  bye-product 
yeast ; too  apt,  I think,  to  ignore  the  fact  that  yeast 
varies  in  type,  is  a mixture  of  an  almost  endless  variety 
of  cells,  and  finally  that  the  character  of  water  deter- 
mines altogether  the  type  or  kind  of  yeast  we  must 
employ,  and  the  system  of  fermentation  that  must  be 
followed,  in  order  to  render  success  uniformly  possible  ! 
As  to  this  we  shall  see  more  anon.  No  one  can  deny 
that  purity  of  water  is  essential,  since  decided  con- 
tamination at  once  induces  impurity  of  yeast,  and  no 
sceptic  even  can  thmk  lightly  of  this  or  prevent  the 
invariable  result.  The  impurities  of  water  are  of  two 
distinct  kinds,  both,  so  far  as  the  brewer  is  concerned, 
organic  in  their  origin — animal  and  vegetable — the 
former  by  far  the  more  dangerous,  since  it  is  either 
putrescent,  or  enters  into  decomposition  with  the 
greatest  ease,  leading  eventually  to  the  presence  of 
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nitrites  and  nitrates,  which  are  in  themselves  sufficient 
to  render  even  passable  purity  of  yeast  or  stabihty  of 
beer  altogether  impossible.  It  is  not  often  that  the 
brewer  has  to  contend  with  such  defects,  the  generality  Nitrates, 
of  waters  fortunately  not  being  in  any  sense  dilute 
sewage,  and  I need  not  pause  to  enlarge  upon  this  part 
of  my  subject,  since  no  amount  of  skill  can  enable  a 
brewer  to  combat  successfully  with  such  forms  of  con- 
tamination or  ward  off  the  influences  of  any  large  pro- 
portion of  nitrogen  salts,  unless  he  be  prepared  to 
employ  expensive  chemical  agents  and  content  himself 
with  constant  changes  of  yeast. 

Vegetable  organic  matter  is  of  lesser  influence,  and 
waters  containing  it  are  nearly  always  free  from  the 
results  of  animal  defilement,  vegetable  growth  being, 
in  reference  to  them,  no  doubt,  more  or  less  purifying, 
owing  to  deoxidising  influences.  Nevertheless,  we  do 
well  to  avoid  the  use  of  water  that  can  be  really  classed 
as  contaminated,  although  we  need  by  no  means  adhere 
to  the  hard-and-fast  lines  laid  down  by  Professor 
Wanklyn  and  other  analysts,  and  discard  a water  even 
though  it  be  but  slightly  impm’e.  The  brewer  indeed 
is  not  always  able  to  pick  and  choose,  but  has  to  con- 
tent himself  with  that  supply  which  is  ready  to  hand ; 
and  so  long  as  the  water  be  free  from  animal  excre- 
mental  matters  or  the  results  of  their  original  presence 
(nitrites  and  nitrates),  and  be  not  overburdened  with 
vegetable  impurities,  he  may  employ  it  with  a certain 
sense  of  security,  boiling  it,  if  he  will,  as  an  extra  Effect  of  boiling, 
safeguard,  while  remembering  that  such  ebullition  leads 
to  the  precipitation  of  the  sahne  matter  temporary  to  the 
water— carbonates— held  in  solution  by  the 
free  carbonic  acid,  which  rapidly  escapes,  of  course,  so 
soon  as  boiling  commences. 
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I do  not  know  whether  brewers,  by  mere  force  of 
habit,  have  yet  become  accustomed  to  the  analyst’s 
expressions  — “free  or  saline,”  and  “albuminoid 
ammonia.”  They  are,  perhaps,  technical  terms, 
somewhat  difficult  to  grasp  in  their  meaning ; but, 
fortunately,  once  mastered  easy  to  remember.  They 
are  practically  the  indices  of  impurity,  since  no  nitro- 
genous organic  matter  in  solution  remains  for  long  in 
unaltered  condition ; it  oxidises,  and  the  nitrogen  con- 
stituent passes  through  stages  of  oxidation — first  to 
ammonia,  then  nitrous  acid,  and  finally  nitric  acid. 
Thus,  as  a water  percolates  through  an  oxidising 
strata,  the  azotised  impurities  suffer  oxidation,  and 
the  resulting  ammonia  becomes  the  index  of  the 
original  organic  matter : but  as  the  oxidation  of 

vegetable  impm'ities  under  such  influence  is  very 
slow,  the  “ saline,”  or  “ free,”  ammonia  in  a water 
is  held  to  be  indicative  of  animal  excremental  matter, 
which  either  affords  to  the  water  direct  the  ammonia, 
or  one  of  its  salts  (urea),  which  itself  yields  “free” 
ammonia  under  the  slightest  decomposing  influence. 

Thus,  when  a measured  bulk  of  water  is  boiled,  the 
ammonia,  either  combined  or  imcombined,  being 
volatile,  comes  off,  and  may  be  collected  and  esti- 
mated, constituting,  in  short,  the  free,  or  sahne  am- 
monia of  the  analyst.  Exposing  the  same  water  to  a 
powerful  artificial  oxidising  influence — that  of  per- 
manganate of  potash — fm’ther  ammonia  is  formed, 
and  is  held  to  be  the  index  of  those  vegetable  nitro- 
genous bodies  that,  existing  in  the  water,  partially 
resisted  the  oxidising  tendencies  of  the  strata  through 
which  the  water  percolated,  hitt  are  at  once  changed 
under  the  more  potent  agency  of  the  oxidising  per- 
manganate. So  much  for  the  two  ammonia  propor- 
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tions,  one  the  index  of  animal,  the  other  of  vegetable 
organic  matter,* 

If  the  contaminated  water  remain  mider  strata  m-  strata  inHu- 

0QC6S* 

fluences,  the  first-formed  ammonia  does  not  continue 
for  long  as  such,  hut  gradually  changes  into  what  are 
practically  higher  oxides  of  nitrogen  ; so  that  we  can 
have  diminishing  ammonia  proportions,  and  in  place 
of  these,  nitrates  and  nitrites,  which  are,  as  I have 
before  observed,  the  hidex,  not  only  of  contamination 
of  considerable  standing,  but,  beyond  this,  fatal  by 
their  own  individual  properties  to  the  purity  of  yeast, 
and  the  consequent  colour,  soundness,  and  stability 
of  beer. 

There  are  other  changes,  more  difficult  perhaps  for 
the  hegimier  to  grasp ; we  have  oxidising  and  de-  Organic  pmity. 
oxidismg  strata  influences  at  work,  and  a water 
containing  merely  the  results  of  old  contamination, 
salts  of  nitric  acid,  may  pass  through  a strata  and 
become  entirely  free  from  such  bodies,  yet  contain 
“free  ammonia”  in  place  of  them,  no  longer,  however, 
an  index  of  recent  contamination,  hut  an  evidence 
only  of  the  way  in  which  chemical  changes  and  actual 
purification  can  proceed  mider  natm’al  influences. 

Let  my  readers,  then,  remember  that  in  glancing 
over  one  of  those  mystical  reports  of  a water  analyst 
that  in  so  far  as  organic  prn’ity  is  concerned,  they 
must  study  well  the  ammonia  proportions,  and  see 

* My  meaning  in  the  above  remark  must  not  be  misunder- 
stood. It  is  impossible  to  draw  hard-and-fast  lines  as  to  the 
indication  of  the  two  ammonia  proportions,  but,  generally 
speaking,  they  are  as  mentioned.  At  the  same  time  it  fre- 
quently happens  that  a water  contaminated  with  sewage- 
matter  contains  not  only  “ free,”  hut  “ albuminoid  ” ammonia 
also,  in  large  proportion;  hut  in  all  such  cases  the  “saline” 
percentage  will  he  excessive.  The  reverse  of  this  occurs  in 
the  presence  of  an  excess  of  vegetable  matter. 
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also  if  nitrites  and  nitrates  are  entirely  absent ; and 
while  it  is  absolutely  impossible  to  have  perfect 
pm'ity,  the  nearer  we  keep  “free  ammonia”  to  the 
smallest  percentage  possible,  albuminoid  ammonia 
under  1-lOth  part  per  million,  and  the  higher  oxides 
of  nitrogen  altogether  absent,  the  more  hkely  are  we 
to  be  successful  in  our  brewing  operations.* 

If  the  organic  character  of  brewing  waters  be  im- 
portant in  one  direction,  their  salme  nature  is  no  less 
momentous  in  another.  Waters,  in  reference  to  saline 
constituents,  vary  within  very  wide  limits,.  We  have 
the  Vartrey  water  of  Dublin,  absolutely  soft,  at  one 
end  of  the  scale  ; the  hard  waters  of  Burton,  Edinburgh, 
Great  Yarmouth,  and  many  other  centres  of  brewing, 
at  the  other.  Now,  what  is  the  influence  of  saline 
matter?  It  is  pretty  safe  to  predict  that  it  has  a 
double  preservative  tendency — preservative  in  itself, 
and  indirectly  so  by  altering  the  extractive  nature  of 
water,  and  equally  safe  to  assert  that  its  capacity  in  this 
dual  direction  varies  according  to  the  variety  of  saline 
bodies  present. 

We  have  various  classes  of  salts,  carbonates  of 
different  bases,  sulphates  and  chlorides.  If  we  exempt 
carbonate  of  soda,  which  seldom  exists  in  a brewing 
water  (since  gypsum  is  nearly  always  found  as  a con- 
stituent in  varying  quantity,  and  it  is  quite  impossible 
that  the  two  salts  can  be  present  together),  but  when 

* It  is  as  well  perhaps  to  remark  that  many  analysts  do 
not  hold  mere  ammonia  proportions  to  he  absolutely  reliable 
as  indices  of  impurity,  and  two  other  methods  of  working  are 
more  in  favour  with  them,  viz. , tliat  of  Dr.  Tidy,  which  turns 
upon  the  estimation  of  organic  impurity  by  means  of  the 
oxygen  process,  and  that  of  Dr.  Frankland,  wliich  may  he 
described  as  the  combustion  method,  organic  carbon  and 
nitrogen  being  directly  determined.  These  will  be  further 
explained  in  the  chapter  on  Laboratory  Work. 
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present  is  so  permanently,  that  is,  is  not  precipitated 
by  boiling,  and  is  a saline  body,  communicating  great 
extractive  capacity ; the  other  carbonates  magnesic 
and  calcic— have  little  or  no  influence,  I think,  except 
in  the  way  of  coating  our  boilers,  liquor  tanks,  and 
pipes  with  scale,  and  neutralising  the  normal  acidity 
of  the  malt— an  action  by  no  means  constituting  an 
advantage,  in  view  of  the  fact  that  acid  fluids  are  less 
prone  to  undergo  deterioration  than  those  which  are 
almost  or  entirely  neutral. 

The  other  classes  of  salts — sulphates  and  chlorides 
— are  much  more  potent,  and  as  I have  said,  directly 
and  indirectly  preservative,  apparently  so  indirectly 
by  determining  the  type,  if  not  the  quantity,  of 
nitrogen  bodies  which  become  extracted  from  our 
malt ; a matter  difficult  to  determine,  since  all 
modern  methods  of  estimating  albumen  percentages 
fall  short  of  perfect  accuracy.  Sulphate  of  lime,  or 
gypsum,  magnesium,  calcium,  and  sodium  chlorides 
are  all  powerful  in  this  direction ; and  such  fact 
accounts,  perhaps,  for  the  wonderful  business  done 
in  so  many  hardening  solutions  of  the  nature  indicated 
by  the  various  advertising  firms  of  the  present  day, 
although  it  by  no  means  follows  that  artificial  harden- 
ing is  at  all  times  advisable,  or  that  by  adopting 
it  as  a system  we  invariably  arrive  at  the  same  result 
as  if  the  saline  bodies  existed  in  similar  proportions, 
or  apparently  similar  proportions,  naturally,  in  our 
water. 

We  shall  see,  when  we  come  to  a discussion  of  the 
chemicals  used  in  brewing,  that  of  late  years  it  has 
practically  been  discovered  that  certain  sulphites — 
those  of  lime,  magnesia,  and  soda  more  especially — 
seem  to  exercise  very  much  the  same  influence  in 
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determining  cliaracter  of  extract,  as  the  sulphates  and 
chlorides  above  mentioned,  and  in  cases  where  a few 
years  ago  it  was  customary  to  utilise  gypsum,  common 
salt,  and  magnesic  sulphate,  as  combined  hardening 
materials,  brewers  are  now  far  more  in  favour  of 
sulphites,  and  for  a reason  not  difficult  to  understand, 
since  such  bodies  have  a direct  and  powerful  preser- 
vative influence  quite  distinct  from  their  capacity  of 
determining  the  type  or  variety  of  azotised  matter 
taken  into  solution  by  mashing  hquor  containing 
these  bodies. 

Of  course,  there  is  a limit  to  the  quantity  of  saline 
matter  that  is  useful  in  this  special  direction.  The 
reproduction  of  yeast  in  healthy  and  vigorous  form  is 
a necessity,  and  we  may  diminish  the  “feeding” 
capacities  of  a wort  too  much.  The  excessive  hard- 
ness of  our  water  supply  may  limit  the  nitrogen  per- 
centage in  the  malt  extract  to  such  an  extent  that 
oiu’  yeast  practically  starves,  and  fails  to  induce 
proper  normal  results ; and  this,  indeed,  has  been 
proved  over  and  over  again  by  the  writer  when 
attempting  to  employ  water  exceptionally  sahne  in 
character.  The  extreme  limit  experimented  mth  was 
in  the  case  of  water  containing  some  154  gi'ains  per 
gallon  of  saline  bodies,  largely  composed  of  salts 
permanent  to  the  water,  and  under  otherwise  most 
exceptionally  favourable  circumstances,  the  worts  pro- 
duced seemed  incapable  of  facilitating  the  reproduction 
of  yeast. 

' This,  indeed,  is  a most  important  matter,  and  we 
shall  see  presently  how  the  influence  of  saline  bodies 
practically  determines  the  kind  of  fermentation  system 
that  has  to  be  adopted  in  various  parts  of  the  country, 
although  we  must  remember  that,  within  wide  limits. 
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■we  can  alter  the  normal  character  of  a soft-water 
wort  by  the  use  of  glucose,  saccharine,  sugar,  or 
other  malt  substitutes. 

The  influence  of  water,  indeed,  has  practically 
decided  the  success  of  the  stone  square  system  prac- 
tised in  the  North  of  England,  and  the  equal  success 
of  the  so-called  fast  system  (so  opposite  in  all  respects 
to  the  other),  carried  out  in  Burton  and  other  centres 
where  the  water  in  use  is  possessed  of  a strongly- 
marked  salme  character ; while  in  many  places — 
London  and  Edinburgh — we  have  a medium  system 
in  operation  exactly  in  unison  with  the  natm’e  of  the 
solvent  employed.  This  influence  'will,  I am  sure, 
become  plain  as  we  proceed,  and  it  is  therefore  un- 
necessary to  refer  at  greater  length  to  it  under  the 
present  heading. 

Systems  of  iBanipulating  water  have  recently  been 
practised  with  more  or  less  success.  No  doubt,  by 
proper  flltration  we  can  reduce  the  organic  matter 
proportion : by  aeration  we  can  oxidise  out  small 
quantities  of  iron,  and  by  passing  the  water  through 
tanks  containing  gypsum  or  other  salts,  we  can 
increase  its  sahne  hardness.  Our  first  illustration 
represents  a “ Water  Tower,”  m which  such  pro- 
cesses are  carried  out.  At  the  upper  part  the  water 
is  caused  to  flow  through  troughs  filled  with  shingle, 
so  that  by  exposure  to  the  air  the  iron  constituent 
becomes  oxidised  and  insoluble ; passing  thence 
through  tanks  of  slate  filled  with  sand  and  animal 
charcoal,  the  iron  is  removed,  as  well  as  many  of  the 
albuminoid  constituents ; while  finally,  the  purified 
water  percolates  through  tanks  (sectionally  di'vided, 
so  as  to  ensure  alternate  upward  and  do'wnward  flow, 
as  indicated  in  sketch),  filled  with  gypsum,  so  that  it 
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becomes  considerably  hardened.  It  will  be  noticed 
that  the  tower  is  provided  with  a lift  and  spiral  stair- 
case. 

Calcic  bisulphite  and  ordinary  salt  are  also  com- 
monly used;  the  former  for  its  well-known  antiseptic 
properties  and  possessing  also  a very  similar  influence 
to  the  sulphate  ; the  latter  for  its  power  of  determining 
flavour  and  yeast  development ; while  it  is  not  unusual 
to  find  our  porter  brewers  using  sodic  or  potassic 
carbonate,  partly  to  soften  the  water,  partly  to  exist 
as  extractive  saline  matter,  so  determining  increased 
fulness  or  “ body  ” of  their  black  beers. 

The  mutual  decomposition  which  results  w^hen  sodic- 
carbonate  comes  in  contact  with  calcic  sulphate  is 
somewhat  important.  The  water  becomes,  of  com’se, 
softened,  and  no  injury  results  so  long  as  it  is  em- 
ployed only  in  the  brewing  of  porter  or  stout ; but 
otherwise  the  system  is  not  always  successful,  since 
the  sodic  sulphate,  one  of  the  resulting  saline  bodies, 
is  known  to  interfere  more  or  less  with  the  develop- 
ment of  yeast,  and  in  this  indh’ect  manner  affects,  by 
retardation,  the  spontaneous  clarification  of  beer. 

In  the  brewing  of  ales,  the  presence  of  such  a sahne 
body  would  not  by  any  means  be  advantageous — a 
fact  that  we  must  bear  in  mind  if  any  one  suggest 
that  we  should  artificially  harden  a water  naturally 
containing  the  sodic  carbonate  as  one  of  its  con- 
stituents, although,  of  course,  by  adding  sulphurous 
acid  m proper  proportion  we  might  easily  convert  the 
carbonate  into  sulphite  prior  to  the  addition  of  the 
gypsum,  such  conversion  of  carbonate  being  of  neces- 
sity accomplished  immediately  before  the  employment 
of  the  liquor  for  mashing  pm’poses  in  order  to  prevent 
all  possible  change  of  the  sodic  sulphite  into  cor- 
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responding  sulpliSite,  wliile  witli  tliis  viodus  opc^cindi 
the  gypsum  in  use  would  have  to  be  mixed  with  the 
grist. 

It  would  be  well  for  brewers  to  study  all  these 
complex  influences  of  water  : for  so  long  as  the 
English  brewer  depends  upon  the  attainment  of  sta- 
bility by  the  removal  from  his  worts  dm-ing  fermentation 
of  any  such  excess  of  yeast-forming  matter  as  could 
lead  to  fretfol  cask  changes,  the  character  of  water, 
which  governs,  may  be,  the  quantity,  and  most  cer- 
tainly the  quality,  of  albuminous  matter  extracted  from 
malt,  must  remain  one  of  the  most  important  questions 
in  connection  with  the  theory  of  brewing. 

If  we  had  in  England  the  preservative  influence  of 
extreme  cold,  or  could  economically  employ  excessive 
quantities  of  agents  with  like  preservative  influence, 
exerted,  however,  in  different  ways,  then,  may  be,  we 
could,  following  the  lead  of  our  continental  friends, 
regard  water  and  its  character  as  subsidiary  con- 
siderations ; but  I contend  that  so  long  as  we  can 
only,  unaided,  attain  stabihty  of  produce  by  a system 
of  wort-purification,  the  varying  aspects  of  the 
question  now  being  discussed  are  of  the  deepest 
importance. 

In  regard  to  the  analysis  of  water,  under  ordinary 
circumstances  a very  elementary  process  suffices.  Let 
us  ask  of  the  analyst  that  he  should  determme  with 
care  the  ammonia  proportions,  organic  carbon  and 
nitrogen,  and  the  salme  residue,  splitting  such  saline 
residue  up  into  its  soluble  and  insoluble  parts,  practi- 
cally determining  by  this  means  the  sulphates  and  chlo- 
rides, as  opposed  to  the  insoluble  carbonates.  Let  us 
be  certain  that  the  supply  be  free  from  iron,  nitrates 
and  nitrites,  and  we  shall  then  be  in  a position  to  judge 
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of  its  fitness  for  brewing  purposes,  and  to  determine 
with  ease  that  system  of  brewing  most  in  miison  wdth 
its  character. 

One  can  only  feel  amused  at  those  complex  and 
mysterious  reports  as  to  the  quality  of  water  which 
the  owners  of  breweries  are  so  careful  to  preserve,  a 
report  which  generally  contains  a statement  that  the 
presence  or  absence  of  calcic  sulphate  determines  the 
value  of  the  water  for  brewing  purposes,  the  ideas  of 
many  analysts  being  somewhat  vague  on  the  point.  If 
brewers  will  but  study  the  general  principles  of  brewing, 
they  will  then  be  able  to  estimate  aright  the  data  of  the 
analyst,  and  render  such  reports  of  the  greatest  pos- 
sible value  where  hitherto  they  have  been  absolutely 
useless. 

If  I have  not  succeeded  in  saying  much  that  is 
fresh  in  reference  to  this  subject,  I have,  at  least, 
dwelt  upon  it  at  sufficient  length,  and,  as  I trust,  wuth 
such  detail  as  to  render  any  after  references  to  it  in 
no  way  confusing  ; and  I may,  therefore,  at  once  pro- 
ceed to  consider  the  subject-matter  of  my  next 
chapter. 
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CHAPTEK  III. 

THE  MATERIALS  USED  IN  THE  PRODUCTION  OP  BEER. 

Grain,  Malt,  Sitgar  and  Saccharines,  Hops  and  Hop 

Siibstitiites. 

A GLANCE  at  the  heading  of  this  chapter  will  at  once 
disclose  to  the  reader  the  reason  for  my  entirely  re- 
writing the  original  text,  since  the  new  fiscal  regula- 
tions practically  allow  of  the  brewer  utilising  any  mate- 
rial that  he  thinks  proper  in  the  production  of  beer ; 
and  he  has,  therefore,  to  extend  his  researches  and 
experimental  processes  so  as  to  determine  the  suitability 
of  various  raw  grains  for  brewing  piu'poses. 

I shall  be  able,  I think,  in  this  chapter,  to  wipe  away 
many  cobwebs  that  at  present  render  the  English  brewer 
so  strictly  conservative  in  his  notions,  and  prevent  his 
reaping  in  full  those  advantages  as  regards  cheapness 
of  production  that  the  present  Excise  laws  place  within 
his  grasp. 

Now  in  determining  the  variety  of  materials  that  we 
can  employ  with  any  certain  advantage,  we  have  to  keep 
two  controlhng  influences  constantly  in  mind.  Not 
only  have  we  to  prepare  a wort,  normal  in  character,  a 
wort  suited  by  its  constitution  to  the  growth,  in  vigorous 
and  healthy  manner,  of  the  ferment  we  cultivate,  but 
we  have  also  to  study  the  palate-requirement  of  the 
public  that  consumes  our  produce ; and  while  flavour 
depends,  of  course,  in  gi’eat  measure,  upon  the  variety 
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of  material  we  employ,  we  must  by  no  means  forget  that 
influence  of  water  I have  so  lately  enlarged  upon,  or 
that  much  also  depends  upon  the  systems  of  mashing 
and  fermentation  adopted,  and  the  variety  of  yeast 
cultivated. 

From  one  point  of  view  we  are  bound  to  select  mate-  ^ 
rials  that  Avill  yield  a suitable  soil  for  the  ferment  to 
develop  in.  The  statement  I have  made  so  frequently — 
often,  perhaps,  raising  a smile,  often  the  anger  of  my 
critics — is  none  the  less  true,  and  in  choosing  these 
materials  we  are  kept  within  certain  limits  by  this 
simple  and  all-important  requirement. 

Fiscal  regulations  also,  while  giving  us  a practically 
“ free  mash  tun,”  handicap  our  selection  by  fixing  a 
standard  bushel  and  its  possible  extract,  together  with 
its  equivalent  in  the  form  of  sugar  and  saccharine  ; but 
these  restrictions  are  not  very  harsh,  for  we  can  easily 
intermix  a variety  of  grain  that  will  yield  us  uniform 
results  and  subject  us  to  no  sm'charges  either  upon 
material  or  fluid  produced. 

Up  to  a very  recent  period  the  grain  selected  for  use 
has  been  one  that  would  submit  itself  readily  to  vegeta- 
tion, and  bring  the  greatest  profit  to  the  maltster.  By 
universal  testimony,  barley  has  always  been  regarded  as 
most  practically  useful,  although  very  considerable  selec- 
tion has  been  possible  as  regards  variety.  The  foreign 
barleys  of  late  years  have  carried  off  the  palm,  partly  on 
account  of  their  vigorous  vegetative  capacity,  and  partly 
because,  their  nitrogenous  constituent  has  not  apparently 
been  altered  in  type  by  the  over-use  of  artificial  ammo- 
niacal  manures.  The  thhmer  descriptions  have  not 
been  much  in  demand,  the  old  duty-charge  having 
handicapped  them  severely  ; but  recently  there  has  been 
some  talk  of  a superior  diastatic  capacity  attaching  to 
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such  varieties  as  Ohihan,  Algerian,  Egyptian,  and  Danu- 
bian — this,  and  their  undoubted  buoyancy  leading  to  a 
very  fair  demand. 

All  these  considerations  are,  to  a certain  extent,  upset 
by  the  removal  of  duty  from  malt  to  finished  beer, 
and  we  have  now  simply  to  concern  ourselves  with  the 
varieties  of  grain  that  will  yield  us  good  malt,  and  the 
combinations  that  will  exempt  us  from  surcharges,  and 
give  us  that  description  of  wort  that  will  not  only 
undergo  vigorous  fermentation,  hut  yield  us  a beer  of 
desirable  character. 

We  may  firstly  consider,  then,  the  question  of  malting, 
and  those  cereals  that  submit  themselves  to  vegetative 
influences  with  the  greatest  success. 

Why  do  we  subject  grain  to  this  artificial  growth  ? 
I answer,  without  hesitation,  in  order  to  convert 
insoluble  azotised  matter  into  its  soluble  variety ; in 
order  to  create  that  diastatic  capacity  upon  which  the 
brewer  depends  in  his  mashing  operations  ; to  bring 
the  grain  by  kiln  drying  into  a condition  for  storage, 
and  communicate  those  empyreumatic  bodies  that  are 
so  influential  in  reference  to  the  flavour  and  stability 
of  the  finished  beer.  At  the  same  time  that  vegetation 
modifies  the  albuminous  bodies,  we  have  a partial 
change  in  those  of  starchy  type  (in  the  sense  that 
no  formation  of  sugar  results),  so  that  their  after- 
hydration into  “ dextrin  ” and  “ maltose  ” durmg  the 
mashing  process  is  comparatively  easy.  Now,  there  is 
no  doubt  that  diastatic  capacity  depends  altogether 
upon  the  extent  and  perfection  of  growth,  and, 
as  a natural  consequence,  the  better  malts  correspond 
with  the  barleys  that  are  the  more  readily  modified 
by  vegetative  influences,  barleys  that  do  credit  to 
the  maltster,  and  submit  themselves  as  malt  the 


jVIalting'. 


C 


18 


THE  THEOKY  AND  PRACTICE  OP 


English  and 
foreign  barley. 


Sweating. 


Incentive  to 
restriction  of 
giowtli. 


more  satisfactorily  to  our  simple  infusion  method  of 
mash. 

I am  hound  to  say  that  English  barleys  are  fre- 
quently heavily  handicapped.  Not  only  does  much  of 
it  come  off  heavy  land,  leading  to  a thick  exterior 
husk,  and  a kernel  highly  nitrogenous  in  constituent 
proportion,  but  so  mifortunate  have  been  the  climatic 
conditions  of  late  years,  that  much  of  the  gram 
harvested  has  either  never  been  stacked  and  sweated, 
or  stacked  in  such  faulty  condition,  that  the  after 
germination  has  been  seriously  impeded  ; and  thus  the 
Saale,  Canadian,  French,  and  Californian  barleys  grown 
upon  lighter  soils,  favoured  by  more  genial  atmo- 
spheric conditions,  and  free  from  those  pecuhar 
nitrogenous  bodies  that  are  apparently  alhed,  in  the 
case  of  English-grown  grain,  with  the  use  of  exces- 
sive amounts  of  rich  artificial  manures,  have  been  in 
favour  with  those  brewers  who  select  material,  not 
so  much  in  reference  to  price,  as  vuth  a view  to  the 
character  of  malt  it  will  give,  and  the  quahty  of  beer 
such  malt  vill  eventually  produce. 

The  kind  of  artificial  sweating  on  kihi,  at  a tem- 
perature of  100°  to  120°  Fah.,  has,  no  doubt,  the 
capacity  of  rendering  many  barleys  out  of  condition 
more  suited  for  malting  pm’poses  ; it  takes  the  place, 
apparently,  of  the  “ sweat  ” in  stack,  enlivens  the  vital 
germ,  ensures  equal  growth,  vastly  improves  colour, 
and  is  a process  that  enables  English  barleys  to  compete 
more  successfully  with  those  gromi  under  climatic 
conditions,  not  often  so  disastrous  as  those  experienced 
by  our  English  farmers. 

There  is  one  point  worthy  of  notice  which  is  more 
or  less  in  direct  connection  with  the  recent  alteration 
in  fiscal  regulations,  for  while  in  the  time  of  the 
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old  malt  duty  it  was  absolutely  essential  for  a maltster 
to  promote  vegetation  in  order  to  obtain  as  large 
an  increase  percentage  as  possible,  such  inducement 
no  longer  exists,  and  as  there  is  an  absurd  cry  by 
brewers  for  malt  naturally  weighing  42  lbs,  per  bushel 
(the  Excise  standard),  there  is  a positive  incentive 
to  maltsters  to  so  restrict  growth  or  intensity  of 
kiln-drying  temperature,  as  to  arrive  at  the  weight 
referred  to. 

Nothing,  of  course,  could  exceed  the  absurdity  of 
such  a cry,  as  it  leads  at  once  to  inferior  quality  of 
material,  since  faulty  growth  is  not  only  serious 
in  reference  to  the  resulting  deficiency  in  diastatic 
capacity,  but  we  fail  to  secure  the  removal  of 
objectionable  nitrogenous  matters  in  the  form  of 
rootlet,  or  to  render  soluble  those  types  that  should 
afterwards  act  as  the  alimentary  food  of  yeast ; while 
the  starchy  bodies,  unmodified,  are  so  baked  by  the 
after  kiln  heats,  as  to  be  entirely  untouched  during 
any  mere  infusion  method  of  mash.  If  we  under- 
stand, then,  the  differences  that  distinguish  diverse 
varieties  of  barley,  and  the  way  in  which  they 
influence  our  results  during  mashing  and  fermen- 
tation, we  shall  estimate  aright  the  statements 
of  those  authorities  who  argue  that  percentages  of 
raw  grain  may  be  used  without  addition  to  existing  Raw  grain  nae. 
mashing  plant!  We  know  the  result  that  has 
attended  the  employment  of  English  barley  malt  with 
its  15  to  20,  or  even  30,  per  cent,  of  idle  corns  m 
our  infusion  mash  tuns.  If  we  cannot  work  such 
grain  successfully  with  our  present  plant,  how  can 
we  possibly  introduce  a percentage  of  raw  meal  ? 

The  statement  is  absurd  on  the  face  of  it,  although, 
as  I shall  prove  presently,  raw  grain  can  be  used. 
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and,  indeed,  is  used,  with  profit  and  credit  to  the 
brewer. 

No  matter,  then,  whether  we  are  bent  upon  using 
an  admixture  of  raw  meal  or  no,  we  must  still  select 
those  varieties  for  malting  that,  in  so  many  words, 
vegetate  successfully  and  yield  a malt  that  ■will  enable 
the  brewer  to  steer  clear  of  surcharges  on  material, 
and  procure  a wort  that  will  ferment  well  and,  as  beer, 
satisfy  his  trade  demands.  I can  thus  ignore  wheat, 
maize,  rice,  and  oats,  as  cereals  that  could  be  advan- 
tageously malted,  and  say  with  certainty  that  barley  of 
home  or  foreign  growth  yields  us,  without  doubt,  the 
more  satisfactory  results.  The  kind  of  barley  is  soon 
determined.  We  may  use  varieties  to  give  us  malt 
either  diastatic  or  buoyant,  but  in  -vdew  of  fiscal  regu- 
lations, in  this  sense  alone,  when  intermixed  -with 
grain  rich  in  extractive  matter. 

For  stock  or  keeping  beers,  we  must  malt  those 
descriptions  of  barley  which  will  vegetate  well,  and, 
when  finished,  prove  rich  in  diastatic  capacity,  pos- 
sessing also  a well-balanced  nitrogenous  percentage 
in  soluble  form ; finally,  in  reference  to  wheat,  maize, 
rice,  and  oats,  let  us  employ  such  materials,  or  then* 
meal  portion,  as  meal,  under  proper  conditions  of 
working,  or  leave  them  to  the  manufacturer  of  the 
saccharine  substitutes  for  malt,  who  will  determine 
their  value  in  their  extract-yielding  capacity,  remove 
their  injurious  constituents  (if  he  does  not  stint  his 
charcoal  filtration),  and  supply  us  in  result  with  a 
pure  saccharine,  which  we  can  value  from  a strictly 
bre'wing  point  of  view,  a test  which  is  sufficiently  severe 
in  reference  to  some  of  the  specimens  sold  at  the  present 
time. 

The  maltster  may  now  steep,  couch,  and  vegetate 
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liis  grain  just  as  he  thinks  fit.  There  is  no  Excise 
officer  to  impede  his  operations ; no  longer  any  harsh 
Excise  laws  to  hamper  his  system.  He  may  now 
determine  for  himself  the  advantages  of  a long  steep 
and  the  early  a&ation  of  young  floor  (the  couch  being 
a vessel  of  the  past),  so  as  to  prevent  that  heating 
in  the  primary  stage  which  invariably  leads  to  a vitri- 
fied condition  of  constituents.  He  may  supply  sprink- 
ling water  when  such  is  requisite,  and  he  may  now 
vegetate  his  floors  upon  sound  theoretical  principles, 
carefully  carried  out,  without  any  fear  of  infringing 
fiscal  regulations.  We  may,  I think,  look  for  general 
improvement  in  the  character  of  malt — less  mould, 
more  perfect  growth,  and  the  employment  of  the 
better  classes  of  barley — as  one  result  of  the  abolition 
of  the  Malt  Duty ; since,  if  raw  grahi  come  into  use, 
it  is  evident  that  the  malt  employed  with  it  to  supply 
the  essential  diastase  must  be  of  exceptionally  superior 
quality ; while  the  system  of  sm’charges  on  malted 
grain  yielduig  less  than  the  standard  extract  of  82 
saccharometer  pounds  per  336  lbs.  practically  handicaps 
the  thinner  varieties,  excepting  under  the  conditions 
previously  named. 

It  is  not  my  intention  to  enter  into  the  practical 
details  of  malting.  I leave  that  to  others  ; but  I fancy 
myself  that  much  may  be  done  in  the  wa/  of  aeration 
during  germination  at  critical  stages  of  the  growth, 
as,  for  instance,  after  the  grain  has  been  drained  for 
some  twenty-four  hours  : that  much  of  the  moulding 
of  cut  and  damaged  corns — a mould  which  grows 
apace — may  be  prevented  by  the  judicious  use  of 
calcic  bisulphite : and  that  we  may  often  arrive  at 
friability  and  distinctiveness  of  flavour  by  skilful 
arrangement  of  temperature  and  “ withering  ” during 
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the  later  stages  of  the  growth  and  systematic  regu- 
larity of  heats  during  “ drying  off.”  There  is  no 
doubt  that  a great  change  takes  place  during  “ kiln 
drying  a change  impossible  to  fathom,  but  one  that 
gives  a character  to  the  g^’ain  that  could  never  be 
acquired  if  the  mere  idea  of  the  maltster  was  to 
evaporate  the  moisture,  so  putting  an  end  to  vegeta- 
tion, at  the  same  time  bringing  the  grain  into  a 
condition  for  storing. 

Kiln  drying  is  a species  of  cooking.  The  heating 
rays  of  a coke  or  coal  fire  saturate  our  malt  or  drying 
grain  with  the  products  of  their  combustion,  which  are 
antiseptic  and  preservative,  and  directly  give  rise  to 
those  empyreumatic  products  which  are  of  such  im- 
portance in  reference  to  the  after  palate  flavom-  of 
beer. 

If  we  hear  of  Continental  malt  dried  indirectly  by 
hot  air  or  steam  heat,  we  must  remember  that  the 
Continental  brewer  has  a natural  preservative  influence 
in  the  shape  of  cold,  which  the  Enghsh  brewer  lacks  ; 
and  so  long  as  we  have  to  attain  in  England  stabihty 
by  the  present  means,  we  must  not  ignore  the  aid  we 
receive  when  our  malt  has  been  carefully  submitted 
to  a somewhat  prolonged,  and  finally  intense,  apphca- 
tion  of  direct  fire-heat. 

Malt  suffers  much  by  exposure  to  atmospheric  hi- 
fluences.  Not  only  does  it  absorb  moisture — one  of 
its  constituents  never  remaining  inactive  for  long  in 
the  presence  of  such  moisture — but  our  grain  becomes 
coated  with  aerial  dust,  facts  which,  in  great  measure, 
account,  I think,  for  some  of  the  difficulties  experienced 
by  brewers  during  the  spring,  summer,  and  autumn 
months.  Slack  malt  is  indeed  the  cause  of  much 
unsound  beer ; this  being  often  evidenced  by  a grey- 
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ness  of  hue,  apparently  resulting  from  the  stubborn 
suspension  of  a variety  of  small  cell  life.  Slackness 
means,  I presume,  the  presence  of  an  excessive 
moisture  percentage,  and,  under  the  influence  of  this, 
the  azotised  constituents  soon  drift  into  a very 
abnormal  or  diseased  condition,  and  become  unsuited 
to  act  as  a support  or  aliment  of  the  ferment  we 
afterwards  cultivate.  Ee- drying  stops  for  a time  the 
action  specified,  but  does  not  restore  the  character 
of  the  nitrogenous  bodies ; and,  in  view  of  these 
possible  changes  in  the  constitution  of  malt,  we 
should,  at  any  rate,  act  wisely  by  paying  more  atten- 
tion to  storage  and  rapid  transit  of  grain  if  shipped 
by  rail,  so  as  to  keep  down  the  moistme  percentage 
to  a normal  standard.  To  sum  up,  then,  we  submit 
grain  to  the  malting  process,  not  because  we  are  any 
longer  obliged  to  do  so  by  any  fiscal  law,  but,  firstly, 
to  create  that  diastatic  capacity  we  afterwards  rely 
upon  in  our  mashing  operations — that  is,  to  develop 
this  capacity  by  converting  one  type  of  insoluble 
albuminous  matter  into  its  soluble  form  endowed 
with  a new  power — secondly,  to  render  other  types 
of  nitrogen  compounds  suitable  to  act  as  yeast 
nutriment,  to  remove  others  in  the  form  of  rootlet 
— we  know  how  advantageous  a removal  this  is 
by  our  practical  experience ; and — by  the  influence 
of  the  growth  leading  to  these  results — to  modify  the 
other  constituents  of  the  grain,  so  as  to  render  them 
easy  of  after  conversion  in  the  mash  tun.  By  the 
after  “drying  off,”  we  not  only  fix,  as  it  may  be  ex- 
pressed, the  constitution  of  the  grain,  but  bring  it 
into  storage  condition,  while  forming  those  flavouring 
matters  which  are  so  influential  as  regards  the  after 
taste  and  stability  of  beer,  in  spite  of  the  assertions 
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of  M.  Pasteur,  to  which  I shall  devote  myself  under 
the  heading  Fermentation. 

For  some  years  raw  grain  has  been  indirectly  used 
by  brewers,  not  only  when  they  have  been  employing 
so-called  “ malt,”  with  a very  large  percentage  of 
practically  mimodified  grain  existing,  but  in  the  form 
of  those  saccharine  and  glucose  compounds  we  are  so 
accustomed  to,  the  conversion  of  their  starchy  consti- 
tuents being  brought  about  under  the  influence  of  acid 
as  distinct  from  the  brewer’s  diastatic  method ; but  I 
shall  touch  in  detail  upon  this  part  of  my  subject,  of 
course,  in  the  chapter  on  Mashing. 

There  are  many  varieties  of  raw  grain — wheat,  maize, 
barley,  and  rice  being  quite  commonly  employed,  the 
question  of  superiority  turning  more  or  less  upon  a 
consideration  of  the  influence  that  each  exerts  upon  the 
after-growth  of  yeast  in  a wort  produced  from  a mixture 
of  raw  grain  and  malt.  As  is  well  known,  maize  in  its 
crude  condition  yields  a very  considerable  proportion  of 
oil.  Whether  this  is  objectionable  or  no  it  is  not  easy 
to  determine,  since  opinion  varies  very  considerably, 
hut  there  are  many  varieties  of  maize  in  the  market 
entirely  free  from  this  defect,  if  it  be  one.  It  will 
astonish  no  one  to  hear  that  barley,  properly  kiln-dried, 
is  about  the  most  suitable  description  of  raw  material. 
A word  of  reference  is  due  to  those  torrefied  varieties  of 
raw  grain  that  are  said  to  require  no  special  treatment 
prior  to  mashing,  the  intense  heat  to  which  they  have 
been  subjected  having  practically  modified  the  other- 
wise insoluble  starch  ; but  my  opmion  on  the  whole 
subject  of  raw  grain  use  centres  in  a very  simple  obser- 
vation. If  it  be  merely  a question  of  starch  conversion, 
the  use  of  50  or  60  per  cent,  of  raw  material  is  perhaps 
possible,  but  so  long  as  brewers  have  to  study  perfectly 
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healthy  fermentation  and  yeast  reproduction,  its  em- 
ployment as  a substitute  for  malt  will  be  governed  by 
our  success  as  brewers,  not  only  in  the  selection  of  the 
raw  grain  most  advisable,  but  in  the  formation  from 
that  material  of  fermentable  products,  and  of  those 
digested  types  of  nitrogen  constituents  that  are  abso- 
lutely essential  to  healthy  yeast  growth.  If  torrification 
of  raw  material  practically  peptonises  the  albuminous 
constituents,  well  and  good,  but  I myself  strongly 
adhere  to  the  opinion  that  the  formation  of  peptonic 
bodies  is  never  brought  about  by  such  an  agency.  It 
is  impossible  to  say  much  more  on  this  subject,  for 
enlarge  as  much  as  we  may  we  invariably  come  face  to 
face  with  the  two  conditions  enumerated. 

My  readers  will  remember  that  there  are  two  distinct 
methods  of  raw  grain  use — the  adoption  by  brewers  of 
the  saccharine  manufacturers’  process,  that  being  indeed 
a suggestion  of  M.  Manbre,  and  the  diastatic  process 
that  the  brewer  relies  upon  when  mashing  malt  alone, 
either  employing  the  raw  grain  in  a crude  state,  par- 
tially purified  by  removal  of  germ  and  husk,  as  by  the 
process  of  Mr.  Blair-Eobertson,  submitting  such  meal 
to  a preparatory  gelatmisation  in  a primary  mashing 
vessel,  or  mixing  the  torrefied  material,  as  supphed  by 
Messrs.  Gillman  and  Spencer  and  Messrs.  Beanes, 
along  with  his  malt. 

To  sum  up,  then.  Employed  beyond  a certain  limit 
we  commence,  as  I may  say,  a process  of  starvation, 
our  yeast  plant  suffers,  and,  in  result,  the  flavour  and 
general  character  of  om-  beer  alters  also.  The  old  idea, 
that  a bright  wort  could  not  be  obtained,  that  the 
resulting  beer  ^\'ould  always  be  of  milky  hue,  is  a 
visionary  defect,  so  long  as  the  mashing  system  is 
perfect.  The  real  danger  of  using  raw  grain,  indeed. 


Peptones- 


Methods  of  raw 
grain  use. 


Objections  to 
raw  grain  use- 


26 


THE  THEORY  AND  PRACTICE  OP 


•Sugar  as  a malt 
•substitute. 


•Cane  sugar. 


centres  either  in  our  overtaxing  the  diastatic  capacity 
of  our  malt,  or  diminishing  too  much  the  nitrogenous 
percentage  in  our  wort.  If  we  want  advice  upon  a 
subject -of  this  kind,  we  may  well  ask  it  of  our  Conti- 
nental friends,  who  have  had  for  long  the  hberty  of 
using  mimalted  material,  and  who  have  discovered  by 
practical  experience  the  thread  of  the  theoretical  con- 
ditions I have  been  enlarging  upon.  While  I am 
personally  certain  that  raw  meal  will  come  into  use, 
and  may  he  employed  sn,ccessfully , I am  equally  certain 
that  its  use  will  be  strictly  limited,  and  that  if  brewers 
wildly  embark  in  the  attempt  to  utilise  it  without 
proper  knowledge  of  its  influence  and  the  necessary 
treatment  to  which  it  must  be  subjected,  difficulty  and 
disaster  will  alone  foUow.  What  this  proper  treatment 
is  will  appear  in  my  chapter  on  Mashing ; it  would  be 
premature  to  speak  of  it  in  greater  detail  here. 

I now  come  to  sugars — crude  and  invert — and 
saccharines  prepared  from  starch-yielding  substances. 
They  form  a class  of  most  interesting  materials,  and 
are  used  in  enormous  quantities  at  the  present  day^ 
although  their  employment  is  regulated  by  one  of  the 
same  considerations  that  I have  enlarged  upon  in  the 
previous  paragraph,  as  controlling  the  use  of  raw  meal ; 
the  necessity,  in  short,  of  not  starving  out  in  any 
degree  the  delicate  yeast  plant,  that  we  have  to  culti- 
vate in  our  operations. 

The  ordinary  cane  sugars,  being  very  impure, 
are  unfit  for  use  in  cases  where  we  require  stability 
of  beer;  while  the  refined  descriptions  are  equally 
injurious  in  reference  to  yeast,  in  the  sense  that  as 
cane  sugar  is  entirely  mifermentable,  their  inversion 
into  a fermentable  type  invariably  results  at  the  ex- 
pense of  the  yeast.  This  fact  led  to  the  artificial 
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manufacture  of  invert  sugar,  in  wlaicli  acid  takes  the 
place  of  the  soluble  alterative  plasma  of  the  yeast 
cell,  and  the  success  which  has  followed  such  an 
attempt  to  render  raw  sugars  fit  for  the  brewer’s 
purpose  by  simple  artificial  means  is  evidenced  by 
the  output  of  Messrs.  Garton,  HiU,  and  Co.,  and 
Messrs.  Bostock  and  Co.,  of  Liverpool,  which 
amounts  to  many  thousands  of  tons  per  annum ; 
and  I must  say  that  for  purity,  perfection  of  inver- 
sion, and  general  flavour,  this  so-called  “ saccharum  ” 
is  a most  valuable  malt  substitute,  a body  of  energetic 
fermentable  capacity. 

The  saccharines  and  glucose  compounds  are  made 
from  either  starch-yielding  substances — such  as  maize 
or  rice — from  dressed  maize  flour,  or  from  potato 
starch.  Sometimes  the  conversion  of  the  starch  is 
aided  by  pressure — that  is,  by  elevation  of  the  boiling 
point ; but  always  under  the  influence  of  acid,  and  the 
exact  type  of  saccharine  .substance  resulting,  depends, 
first,  on  the  kind  of  material  employed,  whether  whole 
grain,  dressed  meal,  or  extracted  starch ; secondly, 
on  whether  we  induce  hydration  of  the  starch  under 
the  influence  of  acidulated  liquor  at  a very  high  boil- 
ing temperature,  or  simply  at  that  of  a single  atmo- 
sphere ; thirdly,  upon  the  consideration  whether  the 
influence  of  the  acid  be  limited  in  point  of  time  or 
no  ; fourthly,  upon  the  perfection  of  the  neutralisation, 
the  removal  of  colour,  final  traces  of  saline  matter 
and  albuminous  bodies  by  repeated  charcoal  filtration ; 
and,  finally,  upon  the  success  of  the  concentration 
process  carried  on  either  in  vacuum  pans  or  by 
passing  the  syrup  over  steam-heated  cyhnders. 

We  thus  have  offered  to  us  saccharines  varying 
much  in  percentage  composition,  in  flavour,  colour. 
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and  general  value ; some  consisting  almost  entirely 
of  glucose  (grape  sugar),  ash  and  water ; others,  con- 
taining as  well  maltose  (the  sugar  of  malt),  dextrin 
and  albuminous  matter.  The  reason  for  such  vari- 
ation is  not  difficult  to  explain,  since  my  readers  will 
remember  that  Mr.  Cornelius  O’Sulhvan,  in  his  paper 

Dextrin-  on  the  “Manufacture  of  Dextrin-Maltose,”  clearly 

Maltose.  • j.  i ^ t 

pointed  out  that  the  hydration  influence  of  acid  on 
starch  varied  in  mtensity  according  to  pressure  and 
time,  and  that  we  could,  in  short,  convert  starch  com- 
pletely into  glucose,  or,  by  hmiting  the  action  of  the 
acid,  into  the  so-called  dextrin-maltose,  closely  re- 
sembling, by  analysis,  the  combination  of  dextrin  and 
maltose  existing  in  brewers’  wort.  I am,  I think,  in 
no  way  unfair  when  I say  that  if  we  elect  to  employ 
a saccharine  substitute  for  malt  in  preference  to 
invert  sugar,  that  which  contains  no  free  acid,  albu- 
minous matter,  or  excessive  ash,  is  likely  to  prove 
the  most  profitable  so  long  as  its  solution  yield  of 
extract  is  satisfactory.  I do  not  care  to  say  very 

Value  of  dextrin  much  upon  the  dextrin  constituent  of  these  saccha- 

in  saccharine.s. 

rines.  Dextrin  it  may  be,  but  whether  it  can  take 
the  place  of  the  dextrin  of  malt  extract  is  by  no  means 
a point  easy  of  solution,  and  viewed  in  this  special 
sense  I do  not  think  that  any  artificial  combination 
of  glucose,  maltose,  and  dextrin  can  supplant,  or  yield 
a beer  equalling  that  which  contains  alone  the  dry 
extract  obtained  from  malt.  These  bodies  are  never- 
theless of  great  service  to  the  brewer  in  a variety  of 
ways  that  we  shall  see  more  of  as  we  progress,  and 
it  only  remains  now  to  refer  for  a moment  to  the 
moisture  percentage.  This,  which  often  amounts  to 

Moisture  per-  ^ ° 

centages.  ^s  much  as  16  per  cent.,  has  ahuays  seriously  handi- 

capped these  malt  substitutes,  when  comparing  the 
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cost  of  saccharine  extract  with  that  of  malt.  Even 
more  so,  then,  now,  when  the  Excise  deem  that  28  lbs. 
will  produce  0'5  barrel  of  standard  beer.  Such  a yield 
is  possible  only  in  the  case  of  a raw  sugar,  and  no 
saccharine  in  the  market  is  capable  of  giving  it.  I 
am  therefore  not  surprised  to  hear  that  the  Inland 
Kevenue  authorities  have  agreed  to  allow  for  moisture 
percentages  in  the  saccharine  compounds  that  are  em- 
ployed by  brewers,  in  which  case,  so  far  as  extract 
is  concerned,  they  will  run  even  good  malt  very  close. 
The  manufacturers  of  them  are,  again,  very  fond  of 
asserting  that,  weight  for  weight,  the  extract  obtained 
from  a saccharine  is  more  valuable  than  that  of  malt, 
as  being  capable  of  yielding  more  alcohol,  since  they 
are  free  from  that  10  per  cent,  of  albuminous  matter 
normal  to  malt.  I admit  that  when  such  substances 
are  used  for  the  purpose  of  purifying  a wort,  obtained 
through  the  extractive  tendency  of  a soft  water,  the 
assertion  has  some  weight,  but  not  otherwise,  since 
we  should  be  rash  to  regard  the  nitrogenous  consti- 
tuents of  our  wort  as  in  all  cases  useless  or  injurious ; 
existing  in  excess  they  may  be,  but,  if  deficient,  our 
yeast  starves ; while  if  in  strictly  normal  quantity  and 
quality,  we  secure,  indirectly,  by  their  aid,  healthy 
fermentation  and  a beer  that  is  stable  in  character, 
while  full-bodied  on  the  palate.  I have  never  advised 
brewers  to  manufacture  their  own  saccharines,  the 
necessary  plant  being  complex,  and  the  absolute  need 
for  repeated  charcoal  filtration  is  an  undoubted  barrier ; 
but  I never  could  understand  why  they  should  not 
manufacture  their  own  invert  sugar,  since  they  have 
done  it  often  enough  under  the  influence  of  their  yeast 
plasma,  and  yet  seem  afraid  of  the  far  more  efficient 
acid  process  which,  put  into  operation  with  refined 
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sugar  as  a basis,  would  give  them  perfectly  pure  invert 
sugar  without  much  trouble  or  additional  plant.  The 
special  uses  of  these  bodies  will  appear,  as  I have  said, 
in  subsequent  chapters,  as  well  as  some  directions  for 
determining  with  ease  not  only  their  extract-yielding 
capacity,  but  their  freedom  from  unconverted  starch 
and  other  injurious  or  valueless  constituents. 

My  remarks,  so  far  as  hops  are  concerned,  need  not 
be  lengthy.  To  the  hop-flower  we  owe  not  only  much 
of  the  flavour  of  beer,  but  also  much  of  its  stabihty 
and  the  tendency  to  spontaneous  or  artiflcial  clariflca- 
tion,  which  favours  such  stability.  We  all  know  how 
hops  vary  in  colour,  condition  and  flavour,  how  much 
depends  upon  the  exact  constitution  of  the  soil  upon 
which  they  are  grown,  and  upon  the  climatic  influences 
that  exist  during  their  growth  ; and  so  important  are 
these  considerations  that  we  see  the  prices  of  hops 
varying  within  very  wide  limits. 

Their  value  depends  mainly  upon  them  colom',  free- 
dom from  leaf  intermixture  and  mould,  and  their 
richness  in  that  yellow  powder  (or  technically,  “ con- 
dition”) which  covers  the  enclosed  seeds,  and  contains 
the  whole  of  the  constituents  which  are  of  service  to 
the  brewer,  and  which,  perfectly  blended  together,  go 
far  to  constitute  the  distinctiveness  of  flavour  spoken 
of.  Herein  we  have  the  bitter  pruaciple,  essential  oil, 
resinous  matter,  and  tannin,  that  become  separated  and 
dissolved  in  our  wort,  or  its  extract,  dm-ing  our  boiling 
process,  under  the  combined  influence  of  the  heat,  and 
the  solvent  power  of  the  extractive  matter  itself. 

Good,  sound  hops,  cultivated  on  a rich  soil,  contain 
this  (so-called)  “condition,”  and  consequently  its  com- 
ponent parts,  in  considerable  quantity;  but  they  are, 
unfortunately,  most  mistable  in  character,  suffering 
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readily  from  oxidation  influences,  so  that  it  is  no  diffi- 
cult matter  to  account  for  the  depreciation  that  takes 
place  in  the  value  of  hops  by  storage  when  exposed  to 
air.  We  know  how  hop  factors  try  and  diminish  this 
deterioration  by  pressing  the  hops ; how  others  on  the 
Continent  pack  them  in  air-tight  cylinders  (a  very 
efficient  but  expensive  method),  and  how  the  idea  of 
extracting  and  packing  the  valuable  constituents  in 
the  form  of  a thick  syrup  has  found  some  favour  in 
America — all  this  confirming  the  well-known  fact  that 
• age  in  the  case  of  the  hop-flower  means  absolute  worth- 
lessness. 

There  are,  of  course,  many  degrees  of  value,  a great 
deal  depending  upon  variations  in  flavour,  wide  dis- 
tinctions bemg  apparent  in  this  respect  between  hops 
cultivated  in  the  Continental  districts  and  those  of 
home  growth.  The  reason  for  this  variation  in  value 
is  evident  to  every  brewer,  and  each  has  his  own  special 
view  respecting  the  subject  of  flavour,  some  giving 
the  preference  to  the  mild  Worcester  hops,  others  to 
varieties  of  Farnhams,  while  many  of  our  porter 
brewers  are  fond  of  the  pecuhar-flavoured  Americans. 

If  the  blended  oleaginous  compound  of  bitter  principles 
and  resin  constitutes  in  the  case  of  hops  a factor  of 
importance,  I can  add  that  the  tannic  acid  naturally  Tannic  acid, 
yielded  by  hops  to  the  solvent  influence  of  wort,  is  one 
equally  valuable,  existing,  indeed,  in  such  exact  pro- 
portion, that  while  aiding  us,  through  its  astringent 
and  coagulating  capacity  in  reference  to  nitrogen  com- 
pounds, in  bringing  about  the  spontaneous  and  artificial 
clarification  of  beer,  it  does  not,  in  the  limited  quantity 
stated,  seriously  interfere  with  the  growth  of  the  yeast 
cell,  although,  as  can  easily  be  imagined,  such  result 
would  soon  be  seen  if  the  proportion  of  hops  used  ever 
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exceeded  the  normal  quantity.  The  influence  I speak 
of  is  apparent  enough  in  the  microscopical  examination 
of  yeast  from  heavily  hopped  beers,  or  those  in  which 
raw  worts  have  been  used,  and  if  my  readers  wish  for 
a striking  example  of  the  astringent  and  coagulating 
tendency  of  this  acid,  they  cannot  do  better  than  add 
some  in  the  form  of  solution  (the  dry  acid  itself  is 
easily  procured  from  any  chemist)  to  a sample  of  bright 
beer.  The  result  of  such  experiment  would  indicate 
to  them  the  advantage  of  obtainnig  a tannic  acid  per- 
centage in  beer  as  resulting  from  the  employment  of 
hops,  a percentage  so  suited  to  our  requirement,  and  so 
short  of  the  quantity  that  could  damage  our  yeast  or 
precipitate  the  nitrogenous  constituents  of  wort. 

It  is,  indeed,  in  the  perfect  blending  of  the  com- 
ponent parts  of  hop  extract  as  yielded  by  the  hop- 
flower  to  worts  during  the  boihng  process,  that  we  see 
its  superiority  over  that  obtained  from  the  so-caUed 
substitutes,  since  they  are  utterly  incapable  of  yielding 
that  flavour  which  apparently  only  results  from  a per- 
fect blending  of  oil,  bitter  principle,  and  resin.  If  there 
is  nothing  actually  to  condemn  in  the  case  of  these 
substitutes,  there  is  little  to  commend,  and  they  can 
never  take  the  place  of  hops  to  any  serious  extent.  It 
is  not  difficult  to  understand  this,  for  although  there 
be  many  of  them,  artificial  hop  extracts,  or  the  so- 
called  substitutes,  do  not  vary  very  much  in  composi- 
tion. They  one  and  all  consist  of  a mere  mixture  of 
some  bitter  principle,  such  as  that  of  quassia,  chiretta, 
or  gentian,  mixed  with  resinous  matter  and  a minute 
quantity  of  tannic  acid. 

Before  concluding  my  observations  on  this  subject, 
I would  ask  brewers  to  keep  the  assertion  made  in 
my  opening  (viz.,  that  the  constituents  of  the  con- 
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dition  or  lupulin  give  to  hops  their  true  value)  con- 
stantly in  mind,  since  it  is  on  accomit  of  their  being 
blended  together  in  such  perfect  proportions  that  the 
use  of  hops  is  found  to  be  so  superior  to  that  of  substi- 
tutes, which,  although  nominally  containing  the  same 
bodies,  are  but  mere  artificial  imitations  of  a natural 
vegetable  growth,  and  to  remember  that  as  one  and 
all  of  these  constituents  suffer  oxidation  readily,  so 
the  hops  laden  with  valuable  “ condition  ” deteriorate 
rapidly  when  exposed  to  air,  and  become,  in  the  course 
of  twelve  or  eighteen  months,  practically  valueless. 
The  chief  defect  of  old  hops  is  not  only  the  disap- 
pearance of  much  of  the  volatile  oil,  but  the  conver- 
sion of  a considerable  quantity  of  it  into  a most 
unpleasant  organic  acid  (valerianic),  which,  existing 
in  beer,  tends  to  communicate  to  it  a flavom’,  sui 
generis,  which  can  never  be  mistaken  when  once  it  has 
been  tasted. 

It  is  of  interest  to  note  that  the  value  of  hops  seem- 
iiigly  centres  on  percentage  and  condition  of  oleaginous 
constituent,  and  if  this  is  so  we  can  the  more  readily 
grasp  why  it  is  next  to  impossible  to  prepare  any  com- 
mendable artificial  substitute.  I am  quite  aware  that 
lupulin  has  been  manufactm’ed,  but  in  every  case  when 
such  artificial  material  is  exposed  to  the  boiling  tempe- 
rature, it  appears  to  undergo  complete  decomposition. 
To  conclude  these  brief  references  to  hops  I may  say 
that  the  “ condition,”  or  lupuhn,  constitutes  something 
like  16  per  cent,  by  weight  of  the  entire  bulk  of  hops, 
that  something  like  50  per  cent,  of  the  lupulin  consists 
of  resinous  matter,  and  that  it  also  contains  2 per 
cent,  of  volatile  oil,  2 per  cent,  of  tannin,  and  10  per 
cent,  of  a bitter  principle.  I may  refer  my  readers  for 
much  valuable  information  on  the  subject  of  narcotics 
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generally — a subject  which  embraces  not  only  the  ques- 
tion of  hops,  but  that  of  tobacco,  cocculus  indicus, 
marsh  ledum,  clary,  opium,  hemp,  betel-nut,  coca  and 
bearded  darnel — to  a most  interesting  and  well-written 
work  on  “ The  Chemistry  of  Common  Life,”  by  John- 
son, recently  revised  by  Professor  Church,  and  pub- 
lished by  Blackwoods : this  work  not  only  including 
valuable  essays  on  the  subject  of  fermentation  and  dis- 
tillation, starch  conversion,  and  so  forth,  but  dealing 
very  fully  with  the  one  we  are  considering.  Finally, 
good  hops  of  any  variety  should  have  large  cones, 
strobiles  of  a pale  delicate  yellow  colour,  slightly  tmged 
at  extremities,  and  when  opened  out  the  inclosed  seeds 
should  be  found  copiously  covered  with  lupulm  ; there 
should  be  an  entire  absence  of  leaf,  and  the  proportion 
of  stem  should  be  small,  while  this  and  the  minute 
branches  should  be  carefully  examined  microscopically 
for  mould.  Rubbed  down  between  the  hands,  they 
should  feel  glutinous  and  oily,  while  the  sample  itself 
should  appear  tightly  compressed.  As  for  flavom*,  each 
judge  has  his  own  special  proclivities,  the  majority 
preferring  the  “ Goldmgs  ” of  middle  and  East  Kent; 
others  the  “ white  bines  ” from  the  Farnham  district ; 
while  another  section  consider  the  finer  descriptions  of 
Worcester  hops  preferable  for  delicate-flavom’ed  beers. 
The  Mid-Kent  and  Sussex  hops  are  by  comparison 
altogether  second  rate,  and  even  in  the  case  of  the 
better  varieties  of  hop,  their  flavour  depends  very  much 
upon  exact  character  of  soil  and  the  skill  of  the  hop 
farmer. 
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CHAPTER  IV. 

THE  CHEMICAL  AGENTS  USED  IN  MODEEN  BEEWING, 
THEIE  PEINCIPLES  AND  USES. 

In  coming  to  a consideration  of  this  subject,  I am 
anxious  that  what  I write  shall  be  so  worded  as  to 
be  easily  understood  by  those  who  have  but  scanty 
knowledge  of  theoretical  chemistry,  and  so  explained 
as  to  diminish,  if  possible,  the  prejudice  which  mi- 
doubtedly  prevails  among  a class,  that  may  be  de- 
scribed as  old-fashioned  brewers,  against  the  use  of 
any  sort  or  kind  of  chemical  agent  in  practical  brew- 
ing. Ibis  simply  astonishing  to  think  of  the  number 
of  such  bodies  that  have  latterly  come  into  use,  and  it 
is  not  very  wide  of  the  mark  to  say  that  two-thirds  of 
them  are  employed  directly  or  indirectly  as  preserva- 
tive agents,  a most  striking  fact,  if  we  keep  in  mind 
the  increasing  difficulties  in  connection  with  brewing 
that  have  become  more  and  more  prominent  the  last 
few  years. 

Hostile  critics  would  say  that  preservatives . have 
spoiled  the  otherwise  good  beer;  but  in  reality  the  objec- 
tionable saline  bodies  have  been  used  to  determine  a 
certain  stability  of  an  otherwise  rapidly  deteriorating 
article,  changeable  in  its  nature  on  account  of  some 
mysterious  alteration  in  the  general  character  of  its 
nitrogenous  constituents. 

I can  easily  run  through  the  chemicals  that  are 
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employed  for  mere  cleaning  purposes.  I suppose 
they  are  known  to  almost  every  one ; for  instance, 
we  have  salt  used  to  extract  the  sap  of  wood,  ordi- 
nary calcic  hydrate  {i.e.,  slaked  lime)  as  a scouring 
agent,  more  frequently  used,  perhaps,  in  conjunction 
with  chloride  of  lime,  a body  having  distinct  oxida- 
tion capacity,  determining  the  destruction  of  moist  im- 
purities ; potash,  used  either  for  the  same  pm’pose  as 
salt  or  as  a solvent  for  that  deposit  of  azotised  matter 
that  collects  in  wort-mains,  or,  indeed,  on  any  surface 
touched  hy  wort  or  heer. 

Then  we  have  various  acids,  such  as  hydrochloric  for 
dissolving  saline  deposits  in  mains,  tannic  acid  for  the 
prevention  of  hard  saline  scale  in  steam  boilers,  sul- 
phuric for  inducing  sugar  hydration  if  manufacturers  of 
our  own  invert  material,  and  tartaric,  sulphurous,  and 
commercial  acetic  acids  for  softening  the  gelatine  we 
employ  in  artificial  clarification  of  beer,  technically 
termed  “ finmgs.” 

There  is  little  or  no  difficulty  in  understanding  the 
principles  and  uses  of  those  enumerated ; but  it  is 
altogether  a different  matter  when  we  come  to  discuss 
the  vast  body  of  preservatives  which  are  used  in  brew- 
ing. Let  me  see  if  I can  make  this  subject  perfectly 
plain.  First  of  all,  it  has  long  been  known  that  it  is 
much  easier  to  produce  a stable  beer  with  a hard  water 
than  with  one  deficient  in  definite  well-known  salts. 
Now  the  salts  in  question  are  certain  sulphates  and 
chlorides,  and  as  the  most  efficient  or  influential  of  the 
sulphates — namely,  gypsum — happens  to  be  more  or 
less  insoluble,  we  have  recently  had  soluble  sulphates 
brought  under  our  notice  for  water  hardenmg,  these 
being  sulphates  throwm  out  of  solution,  and  existing, 
therefore,  in  moist  condition.  Such  a process  may  be 
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examplecl  tlius  ; if  we  mix  concentrated  solutions  of 
cliloride  of  calcium  and  sulphate  of  soda  together,  we 
should  have  as  result  a precipitate  of  calcic  sulphate 
and  a supernatant  fluid  containing  common  salt.  On 
the  other  hand,  it  is  equally  well  known  that  it  is 
impossible  to  produce  fuU-palated  black  beer  with  hard 
waters,  so  it  is  quite  a common  practice  at.  the  present 
time  to  employ  the  much-maligned  chemicals  for  har- 
denmg  waters  if  deflcient  in  saline  character,  for  soften- 
ing them  if  the  reverse.  This  has  been  touched  upon 
in  my  remarks  on  water,  and  I simply  use  it  now  as 
an  opening  to  a very  important  point  which  imme- 
diately follows. 

The  use  of  sulphurous  acid,  free  or  combined,  dates  Sulphurous 

acid. 


back  for  a great  number  of  years,  and  it  was  employed 
by  vintagers  and  sugar  refiners  for  a very  long  time 
before  it  was  ever  thought  of  as  a possible  agent  that 
might  benefit  the  brewer.  To  Dr.  Medlock  belongs  the 
honour,  I believe,  of  first  introducing  the  use  of  a sul- 
phite as  a preservative  agent.  Now  the  point  I wish  to  SuipMtes 

. 11.  douoly  pre- 

impress  upon  my  readers  is  that  sulphites  have  two  servative. 
distinct  actions.  They  directly  prevent  deterioration  in 
wort  or  beer  on  account  of  their  absolute  poisonous 
influence  on  lactic  ferments,  while,  what  is  of  just  as 
much  importance,  they  indirectly  facihtate  stability  by 
exercismg  apparently  exactly  the  same  power,  pos- 
sessed by  the  sulphates  and  chlorides  referred  to  above, 
in  the  direction  of  determinmg  the  special  kind  or 
variety  of  nitrogen  compounds  extracted  from  the  malt 
mashed.  If  this  be  understood,  we  can  easily  see  why 
sulphurous  acid  and  its  varying  compounds  are  sug- 
gested for  use  in  mashing  operations,  why  sulphurous 
acid  is  used  by  many  people  to  transform  the  more  or 
less  valueless  carbonate  of  lime  existing  in  a brewing 
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water  into  corresponding  sulphite,  and  why  the  Edin- 
bingh  brewer,  with  a water  laden  with  carbonates, 
finds  it  remarkably  beneficial  to  add  to  it  a proportion 
of  Epsom  salts  or  magnesic  sulphate,  which  leads  to 
the  formation  of  gypsum  and  carbonate  of  magnesia. 
It  will  be  miderstood  that,  so  far,  I am  dealing  with 
the  sulphites  as  indirect  agents  of  preservation,  and  I 
may  point  out  that  the  state  of  combination  of  the 
sulphurous  acid  exercises,  apparently,  an  enormous 
influence  upon  the  efficacy  of  the  compound.  Let  my 
readers  think  of  the  immense  success  that  has  hinged 
upon  the  use  of  the  sulphite  of  soda  that  has  been 
manufactured  so  long  in  an  absolute  state  of  purity  by 
Messrs.  Beanes  and  Co.,  and  commonly  called  Beanes’ 
“ No.  1.  ’ Now,  why  should  that  have  a superior  in- 
fluence to  ordinary  sulphite  of  lime  ? Simply  and 
solely  because  its  determining  influence  in  the  direction 
spoken  of  is  more  marked  than  in  the  case  of  the  other 
sulphite. 

So  far,  we  see  that  if  waters  are  deficient  in  gypsum, 
magnesium  chloride,  calcium  chloride,  or  what  not,  it 
is  not  by  adding  these  bodies  that  brewers  always 
attempt  to  achieve  the  end  in  view,  since  artificial 
hardening  of  the  kind  named  is  by  no  means  uniformly 
successful.  On  the  other  hand,  brewers  apparently  are 
much  more  in  favour  of  employing  sulphurous  acid, 
bisulphite  of  lime,  “ C.  and  D.”  solutions,  Beanes’ 
material,  Powell’s  acid  sulphite  or  hydrosulphite,  as  a 
simpler  and  far  more  efficient  proceeding.  Now,  let  me 
take  up  the  direct  preservative  action  of  the  sulphites, 
and  let  me  refer,  first  of  all,  to  the  one  that  is  most 
commonly  Imown — viz.,  calcic  bisulphite. 

It  would  clear  away  a great  deal  of  misapprehension 
if  I say  at  once  what  constitutes  the  exact  physical 
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difference  between  ordinary  sulphites  and  what  may  he 
termed  their  acid  or  fluid  varieties.  The  ordinary  sul- 
phites that  brewers  are  accustomed  to  see,  exist  in  the 
state  of  powder,  but  they  are,  one  and  aU,  soluble  in  an 
excess  of  acid,  so  that  the  Bi,  or  acid  sulphites,  are 
simply  the  ordinary  sulphites  of  different  bases,  held  in 
solution  by  the  presence  of  an  excess  of  acid.  Every 
user,  for  instance,  of  the  common  bisulphite  knows  that 
if  he  paints  it  on  woodwork,  in  a very  short  time  a 
white  deposit  appears,  that  is,  the  excess  of  acid,  being 
volatile,  passes  off,  and  leaves  behind  the  insoluble 
neutral  sulphite. 

Now,  the  active  poisonous  principle  is,  no  doubt, 
sulphurous  acid,  but  it  is  most  probable  that  a sulphite, 
even  in  direct  preservative  influence,  exercises  that 
capacity  in  a dual  maimer  : flrst  of  all,  it  is  a deoxi- 
dising agent,  thereby  preventing  oxidation  of  beer  con- 
stituents, and  the  revivification  of  inert  yeast  cells  ; 
and  secondly,  per  se,  it  destroys  lactic  ferment.  The 
reason  that  brewers  employ  it  in  basic  combination 
seems  to  hinge  upon  the  fact  that,  being  volatile,  there 
would  constantly  be  danger  of  its  escape  from  the  beer  ; 
but  fixed,  on  account  of  being  in  connection  with  lime, 
it  always  remains  dormant  until  decomposed  by  any 
organic  acid  that  may  be  forming  ; the  liberated  sul- 
phurous acid  at  once  destroying  the  organic  ferment. 

We  naturally  come  next  to  the  sulphite  of  magnesia 
— the  “No.  2”  of  Beanes — which  is  a perfectly  pime 
neutral  compomid,  that  can  be  used,  in  many  instances, 
where  an  acid  sulphite  would  undoubtedly  lead  to  that 
stink  of  beer  that  is  at  certain  times  so  prevalent,  and 
which  appears  to  depend  upon  the  presence  in  beer  of 
yeasty  or  crude  albuminous  matter,  exercising  a re- 
ducing action  on  free  sulphurous  acid.  I may  inci- 
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dentally  remark  that  I have  recently  been  attacked  for 
a suggestion  made  in  an  “ Occasional  Note,”  that  the 
limited  use  of  magnesia  compounds  in  beer  might  be 
accounted  for  by  the  fact  that  magnesia  salts  generally 
led  to  certain  unpleasant  complications  in  the  animal 
economy,  and  I am  more  than  confirmed  in  this  view 
by  some  very  stringent  remarks  that  have  recently 
appeared  in  the  British  Medical  Journal  to  the  same 
effect. 

We  next  have  combinations  of  sulphites,  such  as  the 
“ C.  and  D.”  and  the  preservative"  of  Messrs.  Gill- 
man  and  Spencer,  the  hydro-sulphite,  and  the  so-called 
pure  calcic-sulphite  of  other  makers.  Noav,  what  are 
they  ? The  “ C.  and  D.,”  mentioned  above,  are  simply 
two  solutions  of  chloride  of  calcium  and  sulphite  of 
soda,  chloride  of  magnesium  frequently  being  substi- 
tuted for  the  lime  salt,  sulphite  of  potash  for  the  soda 
one.  On  mixing  these  bodies  a mutual  decomposition 
takes  place,  and  we  have  in  result  chloride  of  sodium 
(common  salt)  and  the  neutral  sulphite  of  lime,  pre- 
viously spoken  of.  Now,  sulphite  of  lime  is  a so-called 
insoluble  salt,  but  the  contention  of  the  makers  of  these 
two  solutions  would  be  that  by  bringing  a limited 
quantity  of  the  fluids  named  into  contact,  spread 
throughout  the  whole  bulk  of  beer,  that  is,  a half-pmt 
in  a barrel,  the  sulphite  formed  exists,  on  accoimt  of 
the  extreme  dilution  and  the  superior  solubility  of 
recently  precipitated  compounds  more  or  less  dissolved, 
so  neither  causing  cloudiness  nor  sinking  as  a deposit  to 
the  bottom  of  the  cask.  “ The  preservative,"  manu- 
factured by  the  same  makers,  is  simply  a combination 
of  pure  calcic  sulphite  with  common  salt  and  calcic 
hydrate,  the  latter  being  used  to  diminish  to  a slight 
extent  the  acidity  of  the  beer  to  which  it  may  be  added  ; 
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for  although  acid  in  beer  is  useful  and  absolutely  essen- 
tial to  good  quality,  any  excess,  over  and  above  what  is 
normal,  is  apt  to  cause  stubborn  clarification — a point 
I shall  discuss  in  detail  when  we  come  to  the  subject  of 
fermentation. 

There  is  not  so  much  to  say  about  the  so-called 
restorative  or  neutralising  agents.  They  must  of  neces- 
sity be  either  alkalies,  alkaline  earth  salts,  or  pure 
specimens  of  the  hydrates  of  the  bases  ; and  to  my 
knowledge  almost  all  of  them  have  been  tried  by  dif- 
ferent experimenters.  They  are  used  for  neutralising 
the  excess  of  acid  in  an  old  beer,  so  that  it  may  be 
blended  off ; but,  as  must  be  perfectly  apparent,  the  pro- 
cess is  not  to  be  commended,  since  it  is  in  no  sense 
restorative.  Altogether,  it  appears  far  easier  to  produce 
a sound  beer  than  to  satisfactorily  bring  into  a drink- 
able condition  one  that  has  deteriorated  ; but  I could 
hardly  leave  these  various  neutralising  fluids  entirely 
unmentioned.  The  normal  acid  of  beer  is  lactic,  and 
this  forms  a series  of  salts  of  very  pronounced  flavour, 
so  that  from  this  we  can  see  why  it  is  so  difficult  to  say 
which  particular  neutraliser  is  best ; while,  if  we  elect 
to  use  any  of  them,  we  must  carefully  ascertain  that 
they  are  of  absolute  purity,  and  only  use  them  to  an 
extent  that  will  leave  the  acidity  of  the  beer  normal. 

I have  mentioned  once  or  t-wice  the  word  purity,  and 
this  is  of  special  significance  in  reference  to  chemicals  ; 
for  while  pure  sulphites  give  to  beer  no  harmful  taste, 
it  is  an  entirely  different  matter  when  they  are  mixed 
up  with  impurities,  such  as  hyposulphites,  or,  what 
is  far  more  common,  ordinary  magnesic  or  limestone 
hydrates,  with  accompanying  iron.  It  is  very  curious 
that,  while  it  is  perfectly  possible  to  manufacture  a 
pure  sulphite  of  soda  or  magnesia,  it  is  very  difficult 
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indeed  to  arrive  at  the  pure  neutral  calcic  salt ; and, 
however  useful  such  commercial  preparations  may  be 
that  pass  imder  the  names  of  hydro- sulphite  and  mono- 
sulphite, they  present  the  defect  of  non-absolute  purity, 
although  we  may  in  justice  say  that  there  is  a con- 
siderable variation  in  their  composition,  and  that 
those  containing  85  per  cent,  and  upwards  of  abso- 
lute sulphite  may  often  be  used  with  very  consider- 
able advantage. 

Leaving  the  sulphites,  we  now  come  to  another  class 
of  preservative  bodies,  which  dh’ectly  prevent  the  deve- 
lopment of  diseased  ferments,  either  by  acting  as  dis- 
tinct poisons  or  by  their  astringent  influence  coagu- 
lating the  delicate  organism  which  leads  to  so  much 
deterioration  of  beer.  We  have  salicylic  acid,  borax 
and  its  compounds,  creosote  and  sanitas  as  examples  of 
this  class  ; while  quinine,  the  bitter  of  the  hop,  and  an 
endless  number  of  alkaloids  might  be  described  as  pre- 
servative agents  also.  An  astringent  body,  such  as 
tannic  acid,  boracic  acid,  or  mere  alum,  acts  as  a pre- 
servative, no  doubt,  by  coagulating  not  only  the  albu- 
minous matter  of  the  fluid,  but  hindering  the  develop- 
ment of  ferments  that  are  almost  entirely  composed  of 
nitrogenous  bodies,  and,  so  far  as  compounds  of 
borax  are  in  question,  they  might  be  used  with  great 
advantage  if  they  could  only  be  prepared  in  proper 
form ; in  fact,  there  is  little  doubt  that  glycerine  and 
borax  would  constitute  a very  useful  preservative  com- 
bination. 

Then,  again,  we  have  various  types  of  yeast  food 
prepared,  and,  perhaps,  that  which  most  successfully 
answers  the  purpose  is  the  one  introduced  by  Dr. 
Moritz,  although  it  is  pretty  evident  that,  as  yeast  is  a 
very  cheap  bye-product,  it  would  be  sufficiently  easy  to 
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calcine  it,  and  so  arrive  at  its  absolute  asli,  whicli 
might  then  be  dissolved  in  a sulphurous  acid  solution, 
and  be  often  used  with  advantage.  The  main  con- 
stituents of  yeast  ash  consist  of  phosphates  of  lime, 
magnesia,  and  potash,  and  the  yeast  food  mentioned 
above  is  practically  a combination  of  these  bodies  dis- 
solved in  sulphurous  acid.  I can  refer  to  the  various 
enamels  that  are  employed  when  discussing  the  ques- 
tion of  plant ; but  before  closmg  this  chapter  I may 
give  one  example  of  the  immense  benefit  that  some- 
times results  when  theory  is  applied  to  practical  opera- 
tions, and  how  chemical  knowledge  can  sometimes 
determine  success  in  a case  that  is  directly  in  connection 
with  om’  subject. 

In  the  chapter  on  water  I referred  to  the  influence  of 
nitrates,  and  explained  how  much  salts  came  to  be  pre- 
sent in  brewing  waters.  It  is  not  too  much  to  say  that 
when  nitrates — i.  e. , combinations  of  nitric  acid  with 
bases — exist  in  solution  m any  excess,  difficulties  in 
brewing  generally  present  themselves,  the  extent  of 
which  seems  to  depend  very  much  on  the  basic  constitu- 
tion of  the  salt.  There  is  no  doubt  that  the  influence 
of  a nitrate  is  dual.  It  acts  not  only  as  an  oxidising 
agent,  but  as  a salt,  directly  facilitating  the  development 
of  certain  objectionable  types  of  ferments,  and  it  is  only 
latterly  that  a method  has  been  suggested  for  success- 
fully removing  the  nitric  acid  by  chemical  means.  Now, 
it  is  perfectly  obvious  that  the  process  referred  to  must 
be  one  of  reduction,  and  I have  previously  mentioned 
that  sulphites,  or,  more  strictly  spealdng,  sulphurous 
acid,  has  this  reducing  or  deoxidising  capacity,  and  I 
have  found  (maybe  some  one  else  discovered  the  fact 
long  before)  that  a pure  sodic  sulphite  is  far  more 
efficient  than  any  other  sulphurous  acid  combination  in 
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this  special  direction.  I know  of  many  cases  where 
success  in  brewing  with  a nitric  acid  water  has  been 
rendered  possible  by  the  use  of  the  acid  sulphite ; and, 
in  order  that  this  information  may  be  of  some  practical 
value,  let  me  suggest  that  any  brewers  who  are  suffering 
from  cloudiness  or  non-stability  of  beer,  should  refer 
for  a moment  to  the  analysis  of  their  brevdng  water, 
and  see  whether,  among  the  saline  constituents,  any 
considerable  quantity  of  nitrates  appear,  and,  if  so,  let 
me  advise  them  to  see  what  they  can  accomplish  in  the 
direction  of  removal  by  the  means  suggested,  keeping 
in  mind  that,  as  these  sulphites  more  or  less  inter- 
fere with  the  development  of  ferment  life  generally, 
we  must  not  only  concern  ourselves  with  the  reduc- 
tion of  nitrates  by  their  aid,  but  see  that  in  using 
them  we  do  not  interfere  with  the  proper  growth  of 
yeast. 

I have  mentioned  in  my  opening  that  a natm'al  anti- 

Antipathy  to  pathy  exists  to  the  employment  of  chemicals,  and  that 

chemicals.  ^ ^ ^ ^ 

this  antipathy  is  apparent  among  brewers  qmte  as  much 
as  among  the  consumers  of  beer  ; but  they,  have,  as  a 
body,  had  to  choose  between  two  evils — the  use  of  a che- 
mical compound  to  induce  stability,  or,  in  the  absence 
of  preservative  energy,  to  rest  content  with  an  acid,  or, 
at  all  events,  deteriorating  beer.  It  seems  to  me  that 
the  aim  of  all  should  be  to  use  that  form  of  direct  or 
indirect  preservative  that  is  the  least  objectionable  in 
palate  flavour,  and  which  constitutes  the  lesser  evil 
from  a medicinal  point  of  view  when  existing  as  a com- 
ponent part  of  the  beer  produced. 
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CHAPTER  V. 

BEEWEEY  BUILDINGS  AND  PLANT  AEEANGEMENTS. 

The  little  that  has  to  be  said  about  the  site  for  a 
brewery  may  be  summed  up  in  a very  few  words. 
If  we  desire  to  produce  beers  of  special  character, 
the  brewery  must  be  within  reach  of  the  natural  water 
that  enables  us  to  accomplish  this,  for  I know  of  no 
instance  of  artificial  modification  of  water,  excepting, 
perhaps,  that  at  Sbepton  Mallet,  which  enables  the 
brewer  to  accomplish  with  a manipulated  water  what 
naturally  results  when  using  one  of  distinct  salme 
natm’e.  In  confirmation  of  this  view  one  need  only 
point  to  Dublin,  Burton,  and  London,  as  examples  of 
my  meaning,  since  it  will  hardly  be  contended  that 
any  great  demand  exists  at  Burton  for  the  beer  pro- 
duced there,  and  brewers  have  undoubtedly  gravi- 
tated to  that  district  simply  because  the  water  found 

there  determines  a certain  distinctive  character  of 
\ 

beer.  So,  also,  in  London  and  Dublin,  we  see  a 
definite  palate  flavour  of  black  beer,  a fulness  and 
softness  resulting  from  the  use  of  abnormally  soft 
or  extractive  waters,  and,  although  I am  far  from 
saying  that  material,  plant  arrangements,  and  skill 
of  operators  has  not  much  to  do  with  the  result, 
the  broad  fact  stands  out  that,  in  order  to  pro- 
duce beer  of  the  kind  named,  the  breweries  must  be 
not  where  the  demand,  but  where  the  necessary  water. 
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exists.  On  the  other  hand,  there  is  no  doubt  that 
modern  taste  is  in  the  direction  of  a pale,'  sweet, 
clean,  and  brilliant  beer,  and  as  such  beer  can  be 
produced  without  a distinctive  water,  on  lines  which 
embrace  use  of  sugar  and  the  adoption  of  a medium 
fermentation  system,  and  as  water  suitable  for  such 
system  can  be  obtained  in  most  of  the  large  towns, 
we  are  seeing  a slow  revolution  going  on ; the 
country  brewers  adjacent  to  centres  of  population 
rapidly  increasing  their  output,  while  the  breweries 
producing  the  characteristic  beers  above  mentioned, 
are  more  or  less  at  a standstill.  It  is  easy  to  see 
how  the  use  of  finings  has  facihtated  this  result, 
placing  soft- water  brewers  of  pale  beers  on  a com- 
peting basis,  and,  since  their  premises  are  situate  in 
the  centre  of  demand,  their  operations  are  not  handi- 
capped by  excessive  carriage  charges,  which  in  many 
instances  render  profit  on  shipment  of  beer  next  to 
impossible. 

It  is  not  too  much  to  say  that  the  old  absolute 
necessity  for  perfection  of  drainage,  and  the  selection 
of  a site  for  a brewery  where  such  could  be  the 
more  easily  obtained,  no  longer  exists,  smce  few 
brewers  outside  the  chief  brewing  centres  obtain  water 
supply  from  their  own  wells  ; but  as  the  waste  pro- 
ducts in  a brewery  putrefy  readily,  it  is  quite  as  well 
to  see  that  the  drainage  is  perfectly  arranged ; and 
I ajn  not  far  wrong  in  the  opinion  that  gradually 
increasing  impurity  of  well  waters  will  invariably 
result  if  the  boreholes  be  situate  in  populous  dis- 
tricts, in  spite  of  all  the  precautions  that  may  be 
taken  respecting  the  drainage  system  adopted  by  local 
authorities.  The  significance  of  this  remark  in  refer- 
ence to  brewing  operations  in  London  and  Burton 


modebn  skewing. 


47 


should  not  be  lost  on  those  who  have  the  management 
of  them. 

So  far  as  the  absolute  arrangement  of  buildings  is 
concerned,  I think  it  would  be  well  if  the  modern 
brewer’s  engineer  or  architect  could  be  induced  to 
pay  some  slight  attention  to  convenience  in  place  of  C““nt. 
grandeur  of  appearance.  There  is  far  too  much  of 
the  so-called  gravitating  principle,  too  many  stairs, 
and  the  malt  and  hop  departments  are  not  kept 
sufficiently  distinct. 

The  malt  and  hop  stores  should  be,  by  rights,  in  a Malt  stores, 
separate  building,  standing  over  cellars ; the  malt 
portion  divided  into  bins  constructed  in  brickwork, 
lined  with  wood  covered  with  tin  or  zinc,  or  of  wood 
with  the  metal  covering  alone,  such  bins  to  be  in 
connection  with  worms  and  elevators,  so  that  the 
malt  shot  down  into  them  from  hoisting  stage  may  be 
conveyed  to  mill-room  as  required,  without  any  ex- 
posure to  the  atmosphere.  The  immense  difference 
that  is  seen  in  malt  so  stored  is  well  known  to  those 
hawng  malt-rooms  so  constructed. 

The  hop-room  is  of  equal  importance  ; it  should  be 
absolutely  dry  and  dark,  a lining  of  wood  covering 
all  brickwork,  and  so  arranged  that  entry  to  it  is 
through  a passage  with  double  doors.  In  place  of  a 
gravitating  brewery,  it  would  be  much  simpler  and 
better  to  erect  a series  of  buildings,  with  as  much 
perfection  of  levels  as  possible,  without  going  to  any 
great  height ; and  as  regards  absolute  internal  arrange- 
ments, we  shall  understand  more  as  we  discuss  the 
question  of  plant. 

At  the  outset,  we  naturally  come  to  the  material 
used  for  the  construction  of  plant,  and  it  is  a subject 
little  understood  either  by  brewery  engineers  or  the 
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great  majority  of  brewers.  First  of  all,  wliat  are 
the  facts  regarding  metals  ? Many  are  easily  oxidised 
and  rendered  soluble — iron,  lead,  zinc,  and  in  certain 
instances  copper,  being  acted  upon  in  this  way  : zinc 
and  lead  being  perfectly  unfit  for  use,  and  the  others 
necessitating  some  care  to  prevent  the  formation 
spoken  of.  Tin,  at  one  time  supposed  to  be  msoluble 
and  stable,  has  now  a different  character,  since  it  has 
been  found  that  all  commercial  tin  is  more  or  less 
impure,  and  that  when  in  contact  with  beer  galvanic 
action  takes  place,  effecting  solution  of  the  tin,  and 
decomposition  of  the  fluid.  This  contact  of  dissimilar 
metals  in  the  case  of  tin,  leading  to  the  results  men- 
tioned, should  be  a warning  to  brewers  agamst  adopting 
any  of  those  absurd  combinations  so  frequently  seen — 
lead  patches,  for  instance,  with  copper  nails,  copper 
pipe  supported  on  iron  brackets,  copper  coils  in  iron 
boiling  pans  ; and  although  one  does  not  desire  to 
make  too  great  a point  of  galvanic  influences  or  results, 
there  is  no  doubt  that  in  many  cases  it  is  the  cause 
of  much  inferiority  of  taste  that  attaches  itself  to 
certain  beers. 

There  is,  I think,  a great  antipathy  to  iron ; the 
ease  with  which  it  oxidises  and  its  disastrous  influences 
when  existing  in  solution  are  sufficient  ground  for  the 
objections  named ; but  many  brewers  succeed  well 
enough  with  iron  water-tanks,  gidst-bins,  mash-tuns, 
wort-boilers,  and  coolers,  while  I myself  have  seen 
iron  fermenting  vessels  in  more  than  one  Continental 
brewery — the  great  necessity  in  all  cases  being  clean- 
hness  of  surface,  and  coating,  as  far  as  possible,  vdth 
a film  of  tannate. 

There  are  two  varieties  of  iron,  cast  and  wrought ; 
the  cast,  with  its  silicate  surface,  seeming  to  resist 
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oxidising  tendencies  longer  than  the  other,  although 
facilitating  that  peculiar  dirty  frothiness  of  head  that  is 
constantly  seen  in  breweries  where  iron  plant  is  in  use, 
the  dark  deposit  probably  consisting  of  humate  or 
tannate  of  iron.  Copper  is  easily  kept  clean,  and  Copper, 
there  is  no  doubt  that  it  is  the  most  suitable  metal  for 
the  construction  of  brewery  plant. 

On  the  other  hand,  what  can  be  said  about  wood?  AVood. 
Broadly  speaking,  it  consists  of  cellulose  and  albu- 
minous matter,  and,  when  moist  and  unprotected  by 
vitahty,  is  about  the  most  unstable  organic  combination 
possible  to  imagine,  the  albuminous  constituent  soon 
promoting  decay.  If  we  add  to  this  the  fact  that  it  is 
porous,  and  a perfect  harbour  for  the  deposit  of  wort 
and  beer,  it  is  easy  to  see  that  wood  is  open  to  serious 
objections  ; but,  Avith  all  its  faults,  it  is  still  preferable 
to  metals,  and,  in  a certain  sense,  to  stone,  slate,  or 
glass.  Our  chief  care  should  be  in  secm’ing  the  least  Careinseiec- 

. . tion  of  timber 

porous  varieties,  oak  being  far  superior  in  this  direction 
to  the  various  kinds  of  pine  (the  red  and  white  deals 
that  are  so  commonly  used),  to  rid  them  as  a next  step 
of  all  sappy  matter  by  the  extractive  power  of  salt  and 
steam,  and  then  to  see  that  all  woody  surfaces  be  kept 
absolutely  clean  ; and,  what  is  of  equal  importance, 
dry  when  out  of  use,  unless  this  means  after-leakage. 

It  is  usual  nowadays  to  supplement  this  treatment  Avith 
the  use  of  bisulphite,  which  destroys  the  growth  of 
surface  mould,  and,  penetrating  into  the  pores  of  the 
wood,  prevents  therein  the  deteriorating  influence  of 
the  albuminous  constituent. 

Seeing  what  the  tendency  of  wood  is,  how  it  can 
decay  and  influence  thereby  the  flavour  of  beer,  it  is 
not  wonderful  that  suggestions  have  been  made  for 
lining  Avooden  vessels  with  sheet  copper  Avith  brazed  Copper  lining. 
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joints,  or  coating  them  with  one  of  the  several  enamels 
that  are  so  freely  advertised,  but  my  own  opinion  is 
that  if  proper  wood  be  selected,  and  be  kept  absolutely 
clean,  there  is  no  necessity  for  such  precautions. 

As  regards  stone  and  slate,  they  answer  admirably  as 
materials  for  settling  tanks,  and,  in  certain  instances, 
perhaps,  for  fermenting  vessels  ; but,  as  they  both  have 
powerful  radiating  capacities,  they  are  apt  to  cause  a 
most  mipleasant  chilling,  which  may  have  somewhat 
marked  influence  on  the  clarification  of  beer  fermented 
in  stone  or  slate  squares. 

To  sum  up,  then,  we  may  well  adhere  to  iron  or  steel 
for  the  construction  of  water-tanks  and  liquor-heating 
backs  ; copper  for  our  wort-boiling  vessels,  the  false 
bottoms  of  our  mash  tuns  and  hop  backs,  the  piping  of 
our  attemperators,  refrigerators,  and  wort  mains  ; to 
brass  and  gun-metal  for  our  pumps  and  sluices ; to 
wood  as  a material  for  our  mash  tuns,  coolers,  hop 
backs,  and  fermenting  tmis ; and  to  slate  for  setthng 
tanks  and  yeast  backs,  faUing  back  upon  iron,  if  we  like 
to  run  the  risk,  for  mash  tuns,  hop  backs,  and  coolers, 
bearing  in  mind  that  it  is  easier  to  avoid  trouble  than 
to  keep  clear  of  it  when  once  courted. 

Having  briefly  run  through  the  materials  used  in  the 
construction  of  brewery  plant,  I may  now,  in  detail, 
describe  the  different  forms  that  are  ordinarily  met 
with  in  Enghsh  and  Continental  breweries,  and  my 
readers  will  see  from  my  description  that  we  are  very 
far  behind  our  foreign  competitors  in  the  adoption  of 
plant  arrangements  that  determhie  good  quality  of 
extract,  to  say  nothing  of  after  quality  of  beer.  With 
reference  to  mill-room  plant,  I may  leave  the  matter  of 
exact  arrangement  of  rollers,  whether  linked  or  friction, 
smooth  or  grooved,  to  brewery  engineers  ; but  as  malt 
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stands  at  the  present  time,  and  as  a brewer  s mashing 
process  is  strictly  an  infusion  one,  I may  point  out 
that  any  extreme  disintegration  of  such  grain  is  certain 
to  lead  to  unpleasant  results  in  the  direction  of  dead- 
ness of  mash  and  after  difdculties  respecting  clarifica- 
tion of  beer.  On  the  other  hand,  it  would  be  well  for 
brewers  to  pay  far  more  attention  than  they  do  to 
the  absolute  cleanliness  of  the  malt  that  they  grind  or 
crush — that  is,  taking  more  care  respecting  removal  of 
rootlet,  and  brushing  off  dust  and  dirt  that  has  accu- 
mulated on  the  husks. 

The  arrangement  of  grist  hoppers  is  also  a matter  of 
importance,  since  the  regular  flow  of  mash  through  a 
mashing  machine  depends  upon  the  exact  form  of 
hopper,  and  there  can  he  no  two  opinions  as  to  that 
which  is  preferable.  To  my  view  a cone-shaped 
hopper,  feeding  into  mixing-machine  through  short 
worm,  would  put  an  end  to  those  flushing  and  irregular 
mashes  that  are  so  constantly  seen,  grist,  especially 
that  of  slack  malt,  having  a great  tendency  to  compress, 
and  become  set  in  bin.  As  for  mixing-machines,  their 
name  is  almost  legion,  but  I shall  do  no  injustice  if  I 
remark  that  a good  Steele’s  is  about  as  perfect  a form 
of  mixer  as  a brewer  can  desire.  In  cases  where  steam 
power  is  not  available,  it  is  perfectly  possible  to  work 
a small  Steele  by  hand,  but  if  a strictly  automatic 
arrangement  be  preferred,  I may  simply  say  that  there 
is  little  to  choose  between  those  that  are  so  extensively 
advertised. 

The  next  portion  of  plant  that  we  come  to  is 
naturally  the  mash-tun,  and  on  this  point  I must  go 
into  some  detail.  Up  to  a very  recent  period  the  mash- 
tun  has  been  regarded  as  a mere  filtration  vessel — in 
fact,  it  is  considered  so  still  by  the  great  majority  of 
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EngKsli  brewers.  What  a fallacy  this  is  may  be  seen 
from  the  endless  disasters  that  are  experienced,  and  I 
may  truly  say  that  in  place  of  being  the  mere  filtration 
vessel,  the  mash-tun  is  the  one  in  which  the  brewer 
has  to  complete  the  operations  of  the  maltster,  which, 
for  well-known  reasons,  have  been  more  or  less  ineffi- 
ciently accomplished  din-ing  the  last  few  years.  I do 
not  wish  to  anticipate  anything  that  I shall  have  to  say 
on  the  subject  of  mashing,  but  I may  remark  that  the 
simple  mash-tun,  without  internal  fittings  of  any  kind, 
connected  with  an  outside  mixer,  should  be,  in  view  of 
the  general  character  of  malt,  a mere  vessel  of  the  past, 
and  that  English  brewers  should  look  a little  abroad, 
and  fit  up  such  plant  as  might  enable  them  the  more 
successfully  to  combat  with  the  imperfections  of  malt 
that  I shall  have  to  deal  with  presently. 

Now,  what  are  the  methods  adopted  on  the  Conti- 
nent ? Li  so  many  words.  Continental  brewers  either 
carry  on  mashing  in  an  infusion  vessel,  steam  jacketed, 
and  fitted  with  powerful  internal  machinery,  a vessel  so 
constructed  that  pressm’e  can  be  applied  at  will,  so  that 
malt  during  the  mashing  process  can  be  submitted  to 
any  range  of  temperature  thought  necessary,  or  in  an 
ordinary  open  one  fitted  with  rake  machinery,  and  con- 
nected to  centrifugal  pumps,  so  that  portions  of  the 
mash  may  be  transferred  to  small  coppers,  boiled,  and 
again  brought  back  and  intermixed  with  the  remainder 
left  behind,  the  idea  in  this  instance  being  to  arrive  at 
all  the  benefits  of  stewing,  while  accomplishing  com- 
plete starch  conversion,  without  facilitating  the  creation 
of  that  extreme  saccharine  character  that  constitutes 
the  great  defect  of  English  beers.  In  other  words,  no 
Continental  hrewer  dreams  of  mixing  grist  and  liquor 
to  attain  a standard  initial  heat,  afterwards  drawing  ofl: 


MODEEN  BEEWING. 


53 


the  resulting  wort : he  takes  the  malt  for  what  it  is, 
strives  to  gelatinise  the  whole  of  its  starch,  and  by 
coaxing  its  low  diastatic  capacity,  endeavours  by  certain 
variations  of  temperature,  concerning  which  we  English 
brewers  know  but  little,  to  obtain  a perfect  extract. 

The  plant  that  he  uses  is  simplicity  itself,  and  an 
English  brewer  who  would  erect  a mash  tun  fitted 
with  water  jacket,  a good  false  bottom  of  the  Cave  or 
Lawrence  pattern,  simple  rake  or  the  plough  rake 
machinery  of  Cave,  and  suitable  underlet  arrange- 
ments, would  then  have  something  more  than  a filtra- 
tion vessel,  one  in  which  he  could  manipulate  malt. 


V. 


and  arrive  at  all  the  results  that  a Continental  brewer 
does  with  his  Lacambre  cylinder. 

There  are  several  modifications  of  the  ordinary 
brewer’s  mashing  process  as  facilitated  by  slight 
alteration  in  plant,  worthy  of  notice,  one  being  sug- 
gested by  a Mr.  Crockford  some  years  ago,  another 
by  a Mr.  Davenport  quite  recently,  and  a third  by 

* A A,  cylindrical  copper  vessel;  BB,  end  of  same;  CC, 
bottom  of  same ; BB,  iron  steam  jacket ; B,  manhole,  with 
pressure  valve  V;  E',  second  manhole,  and  valve  V;  F,  internal 
masher,  with  rakes  and  chains,  C,  to  sweep  the  bottom  ; 
R d:  R',  racking  taps  ; T,  condensation  pipe  to  boiler ; T'  & T", 
pipe  to  hot  Avater  backs,  for  general  purposes  of  brewery. 


Wort  circula- 
tion. 


64 


THE  THEOBY  AND  PBACTICE  OF 


Messrs.  Wilson,  all  depending  upon  the  principle  of 
wort  circulation,  and  possible  variation  of  mash  tem- 
perature by  means  of  this.  As  my  readers  will  observe, 
such  circulation  amomits  to  motion  without  disturb- 
ance, motion  midoubtedly  having  a very  important 
bearing  on  chemical  changes. 

I give  an  illustration  of  a mash  tmi  fitted  according 
to  Mr.  Crockford’s  ideas,  and  by  turning  to  the 
advertisement  sheets  of  the  Brewers'  Jouriial,  we 
shall  find  a drawing  of  the  arrangement  suggested 


by  Mr.  Davenport,  which  hinges,  as  will  be  seen,  on 
the  principle  of  Hamper’s  fountain. 

The  interleaved  plates  will  be  readily  understood, 
bemg  almost  self-descriptive.  First  we  have  front 
and  side  views  of  a mash  tmi  room  properly  fitted, 
as  I contend,  for  the  treatment  of  inferior  malt,  or 

* A,  pipe  through  which  tlie  wort  is  dravTi  by  the  action  of 
pump  B;  B,  centrifugal  pump;  C,  pipe  through  wliich  the 
wort  is  passed  from  A io  D ; D,  receiver  fitted  with  steam  coil ; 
E,  pipe  from  D to  sparger  JJ;  F,  pipe  for  suppljdng  hot  water 
to  sparger  ; JJ,  sparger  by  which  the  heated  wort  from  D is 
sparged  over  goods  ; K,  thermometer. 


PLATE  11  . 


PLATE  III 


Decoction  Mashing  Plant. 

SIDE  VIEW. 
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mixtures  of  raw  and  vegetated  material.  We  see  in 
plates  ii.  and  iii.  a Lacambre  cylinder,  fed  by  an 
automatic  mixer,  connected  either  to  Steele’s  ma- 
chine, commanding  mash  tun  below,  or  to  mash  tun 
direct. 

Plate  No.  iv.  shows  a mash  tun  room,  fitted  with 
decoction  plant,  i.e.,  mash  tuns  in  connection  with 
centrifugal  pump  and  coppers  above,  the  boiled  mash 
passing  back  through  sluice  main. 

Intermediate  between  the  mash  tun  and  the  vessel 
in  which  the  wort  is  boiled  we  have  the  underback, 
and,  what  is  of  very  considerable  importance,  a 
tank  commanding  coppers,  generally  termed  a re- 
tention vessel,  fitted  hke  the  underback  with  a steam 
coil,  and  used  for  the  purpose  of  equalising  gravities 
of  different  copper  lengths,  by  means  of  the  reten- 
tion therein  of  a definite  portion  of  strong  runnings 
at  such  a temperature  that  their  diastatic  constituent 
may  be  kept  in  a state  of  activity  ; such  strong  wort 
being  afterwards  distributed  over  the  several  boiling 
lengths  taken.  This  vessel  is  the  more  essential  in 
English  breweries  where  it  is  customary  to  deal  with 
inferior  malt,  and  divide  the  entire  length  obtained 
into  several  distinct  worts. 

I now  come  to  the  boiling  vessel,  and  have  no 
word  of  commendation  for  that  abortion  termed  a 
steam  boiling  back,  such  vessel  generally  being  of 
circular  wooden  construction,  fitted  with  steam  coil. 
Let  me  settle  off  at  once  the  problem  of  steam  versus 
fire  boihng.  There  is,  I think,  no  particular  difficulty  ; 
for  it  must  be  apparent  to  every  one  that  the  actual 
cooking  and  caramelising  influences  of  steam  heat 
must  be  very  far  below  those  of  fire.  I do  not  for 
a moment  say  that  steam  cannot  prove  effectual ; but 
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coils. 


Domes  and 
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what  I do  assert  is  that  we  may  have  such  a com- 
bination of  circumstances — a variety  of  water,  a faulty 
malt,  a large  and  inferior  extract,  that  requires  far 
more  extreme  cooking  to  fit  it  for  perfect  fermenta- 
tion than  mere  steam  heat  is  ever  able  to  accomplish. 
Then,  again,  steam  heating  arrangements  are  often 
badly  fitted ; the  question  of  pressure  is  neglected, 
condensation  in  coils  is  allowed,  and  the  coils  them- 
selves are  frequently  placed  far  above  the  bottom  of 
the  boiling  vessel.  It  is  not  difficult  to  understand 
why  no  brewers  ever  experienced  the  slightest  prac- 
tical advantage  from  substituting  steam  for  fire  heat, 
while  many  have  foimd  for  themselves  that  where 
success  was  unattainable  with  steam  as  the  heating 
agency,  it  became  possible  at  once  on  erecting  an 
ordinary  fire  copper.  If  brewers  will  go  in  for  steam, 
let  them  have  jacketed  coppers,  and  employ  steam 
at  a high  pressure,  taking  steps  for  preventing  the 
slightest  condensation  in  jacket.  That  is  all  I can 
say ; but,  where  possible,  let  them,  by  all  means, 
adopt  well-set  100-barrel  fire  coppers,  if  they  he 
brewers  of  pale  beers ; as  large  and  deep  as  they  like, 
if  they  are  producers  of  porter,  giving  room  for  that 
regular  “roll”  and  “jump”  of  wort  during  ebullition 
that  means  so  much. 

I am  often  asked  what  my  ideas  are  respecting 
domes,  fountains,  and  so  forth,  and  I confess  that 
my  old-fashioned  opinion  is  that  there  is  nothing  so 
good  as  an  open  copper,  with  plenty  of  head  room, 
and  a man  in  charge  with  light  mash  oar  to  prevent 
any  boiling  over.  Fountains  and  domes  are  all  very 
well,  but  they  frequently  lead  to  over-aeration  and 
excessive  disintegration  of  hops,  and  as  conditions  of 
brewing  vary  so  widely,  it  is  quite  as  well  in  a treatise 
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of  this  kind  to  advise  brewers  to  keep  on  the  safe  side 
in  matters  of  plant  arrangement.  Coppers  are  fre- 
quently much  injured  by  the  practice  of  dissolving 
in  them  solid  saccharines,  and  by  turning  out  wort 
while  flues  are  still  red-hot.  Sugar  cages  should  by 
rights  be  suspended  over  coppers  in  breweries  where 
saccharines  are  employed,  and  it  is  a very  good  plan  also 
to  have  steam  coils  fitted  even  to  fire  coppers,  so  that 
fires  may  be  withdrawn  thirty  or  forty  minutes  prior  to 
turning  out,  ebullition  being  continued  by  steam  heat. 

As  regards  open  and  closed  coppers,  with  or  without 
machinery  arranged  to  prevent  subsidence  of  hops,  I 
think  it  is  a question  that  merely  concerns  the  large 
producers  of  black  beer  in  London  and  Dublin,  who 
employ  immense  boiling  vessels,  and  who  certainly 
attain  a distinctiveness  of  flavour  by  boiling  under 
pressure.  In  some  instances,  especially  when  dealing 
with  saline  waters,  it  is  advisable,  and  perhaps 
economical,  to  boil  hops  a second  time,  in  which  case 
it  facilitates  matters  to  erect  hop  elevators  between 
hop  back  and  coppers ; but  this  re-boilmg  of  hops  is 
only  customary  when  making  return  worts  or  where  the 
brewing  water  is  of  strictly  saline  character.  A modern 
hop  back  should  be  a circular  copper  vessel,  fitted  with 
false  bottom  and  sparger,  with  a central  air  shaft,  to 
permit  of  the  easy  escape  of  air  from  under-side  of  false 
bottom  on  wort  being  “turned  out.”  Of  course,  a 
square  or  round  wooden  vessel  answers,  from  one  point 
of  view,  just  as  well ; but  the  one  named  is  a modern 
improvement,  that  should  attract  notice.  There  has 
recently  been  a tendency  to  do  away  with  coolers,  and 
all  I can  say  is  that  such  an  idea  proves  want  of  Imow- 
ledge  on  the  part  of  brewers  abolishing  a portion  of 
plant  that  facilitates  certain  very  beneficial  alterations 
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in  wort  composition,  alterations  accomplished  under  the 
influence  of  oxygen,  taken  into  combination  with  wort 
extract  at  a high  temperature.  There  is  no  doubt 
whatever  that  an  ordinary  wort  is  much  improved  by 
exposure  to  the  air  in  shallow  bulk  at  high  temperatures, 
ranging,  say,  from  212°  downwards  to  160°. 

We  next  come  to  refrigerating  machines,  and  I can 
divide  them  into  two  classes  : the  first,  those  in  which 
we  efiect  coohng  by  means  of  natm’al  water ; the  second, 
those  in  which  we  bring  about  reduction  of  temperature 
by  promoting  physical  alteration  in  the  state  of  the 
coohng  agent.  As  regards  the  ordinary  refrigerators, 
the  vertical  coohng  machines  of  Lawrence  and  Morton 
stand  pre-eminently  first  as  powerful  and  economical  in 
reference  to  the  consumption  of  water ; they  require 
keeping  internally  clean  by  occasional  treatment  with 
weak  acid,  and  externally  so  by  frequent  scouring  with 
dilute  potash,  clay,  or,  what  is  frequently  a substitute, 
iron  filings,  or  finely-sifted  ashes. 

With  reference  to  the  second  class  of  machines,  they 
are  more  common  in  hot  countries,  or  where  cold  is 
utilised  as  the  preservative  agency,  than  in  England. 
This  is  not  to  be  wondered  at,  since  they  are  of  necessity 
machines  of  complex  arrangement,  very  costly  as  a first 
charge,  and  in  after  working  even  more  so.  They  one 
and  all  depend  upon  the  main  principle  that  if  the 
physical  state  or  condition  of  a body  be  altered,  heat  is 
either  liberated  or  rendered  latent ; that  is,  if  we  com- 
press air  heat  is  liberated ; and  if  we  cool  it  while 
compressed,  and  again  allow  it  to  expand,  heat  is 
rendered  latent  by  the  expanding  air  taking  up  the 
exact  quantity  which  was  set  free  on  compression. 
This,  for  example,  is  the  principle  upon  which  the 
Windhausen  cooling  machines  of  Continental  brewers 
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are  constructed.  Again,  if  ether,  which,  as  my  readers 
know,  is  a very  volatile  liquid,  be  caused  to  evaporate 
under  the  influence  of  a vacuum,  created  by  means  of 
an  ah'  pump,  heat  is  rendered  latent  to  enable  the  fluid 
ether  to  exist  as  a vapour  ; and  if  warm  hquor  be 
passing  through  pipes  arranged  as  a coil  in  the  ether 
tank,  the  temperature  of  this  liquor  is,  as  a consequence, 
reduced.  The  ether  is  not  wasted,  of  course,  but 
condensed,  and  passed  back  again  to  the  store  tank. 
This  principle  is  adopted  in  the  machines  of  Siddeley 
and  Co.,  of  Liverpool ; and  Siebe  and  West,  of  London. 
The  machine  of  Eeece  is  equally  simple  in  principle, 
and  far  more  so  in  arrangement  than  the  others, 
ammonia  solution  being  boiled,  and  the  pure  ammonia 
condensed  by  its  own  pressure  in  a separate  vessel. 
This  concentrated  ammonia,  being  extremely  volatile,  is 
then  used  exactly  in  the  same  way  as  the  ether  above 
mentioned,  for  reducing  the  temperature  of  water  that 
may  be  required  for  coohng  purposes  ; while  it  is 
perfectly  evident  that  one  and  all  may  be  employed  in 
the  manufacture  of  ice,  if  that  be  required.  Quite 
recently  M.  Saladin,  the  inventor  of  one  of  the  pneu- 
matic methods  of  malting,  which  depend  upon  a supply 
of  air  artiflcially  cooled,  has  brought  out  an  apparatus 
for  reducing  the  temperatm'e  of  air  mider  the  influence 
of  evaporation.  So  far  as  I can  remember,  the  machine 
is  of  semi-cylindrical  form,  containing  a revolving 
paddle,  to  which  flannel  or  canvas  is  attached,  a stream 
of  cold  water  rmming  under  bottom  side.  As  the 
paddle  revolves  the  cloths  dip  into  the  water,  and 
evaporation  rapidly  proceeding  from  their  surface,  such 
air  as  may  be  blown  through  the  cylinder  by  means  of 
a fan  is  cooled  down  considerably,  and,  at  the  same 
time,  more  or  less  saturated  with  moisture.  The 
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principle  is  sufficiently  old,  but  the  application  of  it  is 
both  novel  and  economically  practical.  M.  Saladin 
employs  it  for  his  pneumatic  malting,  but  it  is  easy  to  see 
that  it  might  he  applied  to  several  uses  in  the  brewery, 

I now  come  to  the  fermenting  portion  of  a brewer's 
plant,  and  must  deal  with  collecting  vessels,  open  and 
closed,  stone  squares,  the  question  of  shallow  or  deep 
skimming  vessels,  affi’ation,  and  rousing  machinery,  in 
some  detail. 

As  far  as  the  first-named  vessels  are  concerned,  the 
chief  necessity,  perhaps,  is  to  see  that  they  are  well 
placed  for  drainage  and  accurately  gauged,  since  it  must 
he  remembered  that  the  collecting  vessel  dip  is  prac- 
oid  view  re-  tically  the  basis  for  duty  charge.  At  one  time  it  was 

specting  closed 

tuns.  customary  for  brewers  to  be  very  much  in  favour  of 

closed  fermenting  plant,  the  idea  being  that  exposure  of 
wort  or  beer  to  the  atmosphere  during  or  on  completion 
of  fermentation,  rendered  oxidation  of  alcohol  possible 
if  not  altogether  probable,  and  as  a consequence  of  this 
brewers  were  in  the  habit  of  keeping  an  atmosphere 
highly  charged  with  carbonic  acid  in  contact  with  their 
worts  during  fermentation,  hy  havnig  fermenting  vessels 
with  a considerable  amount  of  headroom  above  beer 
level,  some,  indeed,  being  entirely  closed. 

Since  Pasteur  wrote  his  work  on  Fermentation,  this 
view  has  altogether  collapsed,  and,  if  closed  fermenting 
squares  or  rounds  are  used  at  all,  brewers  are  very 
careful  to  pump  in  a sufficiency  of  air,  and  to  expel 
carbonic  acid  at  certain  intervals.  In  a brewery  where 
the  union  or  puncheon  system  is  in  operation,  we  find 
Collecting,  simply  collecting  and  cleansing  plant ; but  in  skimming 
settling  vessels,  breweries,  on  the  other  hand,  we  generally  have  three 
series — collecting,  skimming,  and  settling  vessels  : and 
of  late  years  I have  noticed  with  pleasure  that  brewers 
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have  sensibly  adopted  the  plan  of  avoiding  all  great 
depth  of  squares  intended  for  ^J^ming  or  settling  in. 

There  are  two  influences  in  operation  towards  the  com- 
pletion of  fermentation — surface  attraction  and  surface 
aeration, — and  there  is  no  doubt  that  a shallow  vessel 
with  a beer  depth  of  some  three  feet  brings  into  play 
both  the  influences  named,  and  by  their  aid  directly 
facilitates  cleaimess  and  spontaneous  clariflcation  of 
beer.  As  for  the  metal  flttings  in  these  vessels,  I may 
remark  that  we  are  apt  to  have  far  too  many,  and  the  Galvanic  influ- 
circular  coils  of  attemperating  piping  in  the  centre  of  a 
tim,  with  brass  parachute  pipe  passing  down  a centre 
line,  forcibly  reminds  one  of  a Leyden  jar  arrangement, 
and  in  many  instances  seems  to  be  one.* 

The  stone  square,  if  not  a vessel  of  the  past,  is  still  stone  squarcR. 
one  that  north-country  brewers  would  gladly  get  rid  of 
if  they  could.  The  original  idea  was  remarkably  good, 
stone  was  cheap,  was  easily  kept  clean,  and  there  was 
no  tendency  towards  sm’face  acidity,  while  the  water 
jacket  arrangement  enabled  the  brewer  to  regulate  rise 
and  reduction  of  temperature  to  a nicety.  The  upper  Their  bearing 
back,  with  its  manhole  opening,  not  only  prevented  any  bew! 
exposure  of  beer  to  the  air,  but  itself  acted  as  a store  for 
the  yeast  outcrops,  and  at  the  time  when  beers  tended 
more  than  they  do  at  present  to  spontaneous  brightness, 
these  vessels,  which  answered  for  collecting,  fermenting, 

* LEYDEN  JAR. 

A thin  glass  jar,  coated  on  both  sides  Avith  tinfoil ; a wire, 
terminating  Avith  a metallic  knob,  communicates  Avith  the 
internal  coating.  Charging  the  interior  of  the  jar  AAdth  positive 
electricity,  a similar  negatiA'e  charge  accumulates  on  outer 
coating,  both  being  discharged  by  connecting  inner  and  outer 
surfaces.  In  the  parachute  and  attemperating  arrangement 
spoken  of,  the  parachute  pipe  Avould  be  the  inner  coat,  the 
attemperating  coils  the  outer,  and  the  layer  of  beer  betAveen, 
the  intervening  glass. 
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cleansing,  and  settling  purposes,  gave  a beer  that  had  a 
full  home-brewed  flavour  and  an  amount  of  condition 
that  is  never  seen  when  beer  has  been  over-flattened  by 
exposure  and  lengthy  settling.  It  is  very  curious  that 
stone  square  brewers  had,  from  the  very  first,  to  adopt 
rousing  and  aeration,  but  we  shall  no  doubt  see  the 
reason  of  this  when  we  come  to  discuss  the  subject  of 
fermentation,  while,  if  the  truth  be  told,  the  stone  square 
is  no  longer  the  vessel  it  used  to  be,  since  modern  beers, 
those  more  especially  of  low  gra“vity,  require  manipula- 
tion that  can  never  be  effected  in  one  single  deep  and 
closed-up  vessel,  to  say  nothing  of  the  ease  “with  which 
a vessel  of  the  kind  named  becomes  mysteriously  dirty 
on  accomit  of  tendency  to  blister,  and  the  rough  joint- 
ing that  is  relied  upon. 

Of  unions,  I can  say  this  : they  are  an  improvement 
on  the  old-fashioned  pmicheons,  and  may  be  employed 
in  any  brewery  “with  success,  if  the  principles  of  brewing 
be  clearly  understood  by  the  brewer.  In  the  case  of 
slow  fermentations,  it  is  possible  to  work  them  with  a 
bottom  feed  and  rack  direct  from  feed-pipe ; while  for 
quick  fermentations,  it  is  held  that  the  feed  should  be 
at  side  to  prevent  a deposit  of  bottom  yeast.  Of  late 
years,  union  casks  have  been  fitted  with  attemperators, 
and  there  is  no  doubt  that  much  of  the  character  of 
Burton  beer  is  due  to  the  cleansing  process  being  carried 
out  in  these  vessels. 

One  or  two  well-known  brewers,  noted  for  their 
beer,  still  continue  to  favour  the  old  principle  of 
working  out  beers  in  carriage  casks,  this  system  giving 
to  their  beer  a characteristic  palate  flavour  ; any  excess 
of  bottoms,  of  course,  being  withdrawn  prior  to  its 
fining  and  shipment. 

To  sum  up  the  subject  of  fermentation  arrangements, 
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I have  no  special  predilection  for  either  the  skimming 
or  cleansing  system,  but  would  strongly  advise  brewers 
adopting  the  former  method  to  give  attention  to  my 
hint  respecting  shallow  skimming  squares,  so  that,  by 
attaming  comparative  brightness  in  these,  no  lengthy 
setthng  in  racking  vessel  need  be  necessary ; let  them 
also  avoid  those  complex  metal  arrangements  that 
brewery  engineers  are  so  fond  of ; and,  if  attemperators 
and  parachutes  be  fitted,  let  them  be  arranged  as  simply 
as  possible.  As  for  the  cleansing  method,  I care  little 
whether  puncheons,  unions,  or  pontoons  be  used,  so 
long  as  due  attention  be  given  to  aeration  and  the 
question  of  depth  as  influencing  final  brightening.  An 
undoubted  improvement  has  been  made  in  one  Burton 
brewery  by  connecting  the  unions  to  a bottom  racking 
mam,  contents  being  drawn  direct  into  trade  casks 
without  that  frothing  and  aeration  at  a stage  when  both 
are  injurious,  to  say  nothing  of  the  flatness  resulting 
from  exposure  in  racking  tank. 

With  reference  to  the  subject  of  yeast  storage, 
nothing  can  be  better  than  backs  constructed  of  slate, 
m which  the  pitching  yeast  can  be  stored  perfectly 
quiescent  in  shallow  bulk,  while  it  is  frequently  an  ad- 
vantage to  have  these  fitted  with  attemperators.  Some 
good  plan  of  drainage  is  always  advisable,  since  dif- 
ferent yeasts  separate  from  fluid  portion  in  distinct 
manner  ; in  some  we  see  yeast  entirely  floating  on  beer 
after  a few  hours’  settling ; with  others  we  find  a layer 
of  bottom  yeast,  then  a layer  of  fluid,  and  again  a 
supernatant  layer  of  yeast.  It  is  evident  from  this 
that  if  we  arrange  a series  of  small  draining  holes  up 
the  side  of  slate  store  back,  we  can  draw  off  the  fluid 
wherever  it  may  happen  to  exist,  and  so,  the  sooner 
arrive  at  a thick  pitching  store. 
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Filter  presses  have  now  come  into  general  use,  and 
those  constructed  of  metal  of  the  Needham  and  Kite 
and  Johnson  pattern  are,  perhaps,  most  common.  If 
actual  pumping  of  yeast  is  carried  out,  care  is  neces- 
sary in  order  to  see  that  the  pressure  be  regular  and 
not  too  great,  and  it  is  for  this  reason  that  the  presses 
of  Waller  or  of  Eitchie  sometimes  answer  best.  The 
vacuum  press  of  Eitchie,  constructed  of  copper,  would 
be  very  useful  as  a machine  for  draining  store  yeast 
under  low  suction  power,  and  I have  no  hesitation  in 
recommending  them  for  this  purpose,  since  much  yeast 
is  constantly  wasted,  never  apparently  getting  suffi- 
ciently thick  for  pitching  purposes,  before  commencing 
to  deteriorate  m an  unpleasant  manner.  It  was  at  one 
time  considered  advisable  to  leave  yeast  in  contact  with 
its  fluid  portion,  and  this  is  perfectly  correct  so  long  as 
the  sample  is  not  in  matured  state,  but  directly  the 
cells  are  sufficiently  developed,  no  advantage  can  result 
from  leaving  it  in  contact  with  a non-fermentable  fluid, 
such  as  it  must  be,  when  attenuated  to  low  gravity,  and 
I prefer  myself  to  keep  yeast  in  thick  condition  in  a 
perfectly  clean  slate  back  till  required,  while  of  com-se 
it  should  be  used  before  the  shghtest  deterioration 
commences. 

As  regards  cellarage,  I have  little  to  say ; cellars 
should  be  spacious,  convenient  for  stacldng,  if  possible 
lighted  naturally,  and  in  easy  comiection  with  racking- 
rooms  and  shipment  exit — there  is  no  doubt  that  bad 
storage  causes  endless  disasters,  and  that  half  the 
complaints  that  arise  in  winter  on  accomit  of  flatness 
of  mild  beers  might  be  entirely  avoided  if  the  brewer 
had  sufficient  storage- space  ; not  to  retain  an  abnormal 
stock,  but  to  keep  his  freshly  racked  beers  well  rolled. 

It  is  a great  point  in  a brewery  to  have  a duplicate 
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central  motive  power  for  macliinery,  and  there  should 
he  duplicate  driving-wheels  throughout.  Nothing  is  so 
objectionable  as  an  endless  number  of  small  engines 
and  steam-pumps ; they  are  generally  to  be  found  in 
breweries  that  have  seen  rapid  enlargement.  One  form 
of  machinery  that  might  be  adopted  with  immense 
advantage  is  that  patented  by  myself  and  Mr.  Samuel 
Lees  many  years  ago  ; simplicity  itself,  it  enables  us  to 
communicate  that  oscillating  motion  to  fermenting 
wort  that  is  of  such  immense  influence  during  fer- 
mentation. The  question  of  motion  in  reference  to 
vital  action  has  never  been  clearly  understood,  hut  I 
have  little  doubt  that  the  sway  commmiicated  to  wort 
by  the  machinery  spoken  of  promotes  activity  of  growth 
of  yeast-cells  per  se,  and  also  by  determining  a certain 
escape  of  carbonic  acid,  and  a corresponding  aeration 
of  wort.  By  glancing  at  interleaved  illustration  plate 
No.  V.  it  will  be  seen  how  the  perfectly  regular  oscil- 
latory motion  is  arrived  at  by  mechanical  means,  the 
paddle  shafts  oscillating  on  fulcrum,  being  connected 
to  cranks  driven  from  a central  shaft  carrying  cone 
pulleys  corresponding  to  similar  pulleys  on  crank 
shafts,  so  as  to  obtain  the  varying  rates  of  speed 
necessary. 

I need  say  little  more  about  the  endless  mains,  which 
I must  include  among  brewery  fittings.  It  would  be 
preferable  if  we  could  do  without  them,  but  as  that  is 
impossible,  I strongly  advise  brewers  to  go  in  entirely 
for  copper,  and  have  the  mams  in  every  direction  so 
fitted  that  they  can  easily  be  taken  down  and  cleaned 
internally  with  brushes ; it  is  advisable,  also,  to  have 
a steam  connection  to  each  series,  so  that  steam  may  be 
blown  through  each  day,  following  this  with  a flow  of 
hot  liquor. 
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The  subject  of  brewery  plant  is  no  unimportant  one, 
and  I certainly  think  that  it  deserves  more  attention 
in  this  direction,  that  the  exact  plant  arrangement 
should  have  some  kind  of  connection  with  conditions 
of  brewing  and  system  carried  out,  and  I am  sorry  to 
say  it  is  a special  point  which  brewery  engineers  sadly 
neglect.  Before  closing  this  chapter,  I may  say  a few 
words  on  the  subject  of  cask  plant,  for  I have  no  hesi- 
tation in  making  the  statement  that  a great  many  of 
the  objectionable  flavours  that  are  common  to  beer — 
especially  beers  of  low  gravity — are  due  to  the  selection, 
in  the  first  instance,  of  inferior  timber  for  carriage 
casks,  and  inattention  to  their  proper  cleansing  when 
in  use.  In  speaking  of  timber  in  my  opening,  I men- 
tioned that  it  was  chiefly  the  question  of  porosity  that 
decided  fitness  ; the  timbers  that  were  the  least  porous, 
containing  in  result  the  smaller  quantity  of  sap,  and 
consequently  being  less  capable  of  acting  afterwards  as 
a sponge,  constantly  absorbing  and  yielding  up  sedi- 
mentary matters,  being  most  suitable  for  the  brewer’s 
pm'pose.  At  the  present  time  timber  is  cheaper  than  it 
has  been  for  years  past,  and  it  would  be  a wise  step  for 
brewers  to  buy  up  large  quantities  of  best  memel  oak 
for  future  use  in  the  construction  of  their  cask-plant.* 


* CASK  TIMBEE. 

Best  staves  for  casks,  Crown  Memel. 

Best  staves  for  thin  varieties.  Full-sized  pipe,  at  about 
£24  per  120  staves  ; or  full-sized  long  barrel  staves  at  £13 
X^er  120. 

Best  staves  for  stouter  stock  and  export  casks — pipe,  at 
about  £19  per  120  staves ; or  the  long  barrel  9J  staves,  at  .£10 
per  120. 

120  pieces  of  any  sized  stave  = 1-lOth  of  a mill. 
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CHAPTER  YI. 

BREWERY  CALCULATIONS.  ESTIMATES.  COPPER 
CALCULATIONS.  PARTY  GYLES. 

I NOW  corn©  to  R subject  that  has  not  been  touched 
upon  in  any  very  practical  manner  in  previous  works 
on  brewing,  and  this  is,  perhaps,  the  more  surprising 
since  it  appears  to  me  that  one  of  the  most  important 
points  of  Imowledge  for  a brewer  to  have  is  that  in 
connection  with  obtaining  from  the  material  he  employs 
the  full  available  extract,  dividing  this  extract  in  vary- 
ing proportions  over  varying  bulks  of  fluid,  so  arriving 
at  different  gravities,  or  weights  of  dry  matter  per 
barrel.  This  knowledge  necessitates,  of  course,  the 
use  of  the  ordinary  weighing  instruments  employed  by 
brewers,  in  many  instances,  no  doubt,  without  the 
brewers  themselves  knowing  anything  about  the  mean- 
ing of  their  indications,  and  it  will  be,  therefore,  of  the 
greater  advantage  that  I should  enter  pretty  fully,  not 
only  into  the  meaning  of  a saccharometer  gravity,  but 
explain  how  this  knowledge  can  be  practically  applied 
in  a variety  of  ways  to  render  brewing  operations  the 
more  certain  and  profitable. 

To  begin  with,  then,  the  instrument  commonly  em- 
ployed by  brewers  is  the  pounds  per  barrel  saccharo- 
meter, introduced  by  Eichardson  in  1784,  its  indications 
being  simply  based  upon  the  principle  of  comparative 
weight — that  is,  it  indicates  the  comparative  weight 
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existing  between  86  gallons  of  water  weigliing  360  lbs. 
^Mcipies  of  at  a temperature  of  60°  and  the  weight  of  a correspond- 
ing  bulk  of  any  other  fluid  at  the  same  temperature. 
Thus,  when  a brewer  speaks  of  a 20  or  25-lb.  beer,  be 
simply  means  that  a barrel  of  it  weighs  20  or  25  lbs. 
more  than  the  same  bulk  of  water,  and  it  is  only  a step 
Bates’.  beyond  this  to  explain  the  indications  of  the  Bates’ 

saccharometer  used  by  the  Excise  authorities. 

In  the  case  of  the  brewers’  instrument,  the  expres- 
Terms  of  weig-h-  sioiis  are  in  terms  of  a barrel  weight — i.e.,  in  terms  of 

ing. 

360,  the  weight  of  a barrel  of  water  ; but  as  it  is  more 
scientiflc  to  express  comparative  weight  in  reference  not 
to  the  weight  of  the  brewer’s  barrel,  but  to  a flxed 
standard  number,  called  the  specific  weight  of  water, 
this  number  being  1 or  1,000,  it  is  perfectly  easy  to  see 
that  if  the  comparative  weight  of  a wort  be  20  as  com- 
pared with  water  in  terms  of  360  (its  barrel  weight),  it 
would  become  55 ’4  when  compared  with  a fixed  stand- 
Factor2-77.  ard  of  1,000,  siiice  ^ 2’77  = 55’4 ; 

or,  to  make  the  matter  clearer,  while  the  vessel  holding 
360  lbs.  of  water  holds  880  lbs.  of  the  wort  specified, 
the  one  holding  1,000  lbs.  of  water  would  exactly  con- 
tain 1,055’4  lbs.  of  wort. 

So  far  we  have  an  explanation  of  the  factor  2-77,  so 
commonly  in  use  to  ascertain  Excise  gravities  from 
mere  brewers’  saccharometer  indications,  and  vice  versa. 
Now  let  us  see  what  connection  this  has  with  the 
Solid  extract.  amount  of  Solid  extract  represented  by  such  indications. 

When  solids  undergo  solution  they  lose  apparently  a 
portion  of  their  weight,  this  portion  being  equal  to  the 
weight  of  the  fluid  which  such  solid  displaces — that  is, 
to  the  weight  of  its  own  bulk  of  the  fluid,  this,  as  it 
will  be  remembered,  being  the  original  theory  of  Archi- 
medes. Upon  this  basis  the  specific  gi’avity  of  all 
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"bodies  is  ascertained,  since,  by  dividing  their  weight  in 
air  by  the  loss  of  weight  in  water,  the  resulting  quo- 
tient will  be  the  specific  gravity — that  is,  the  loss  of 
weight  when  suspended  in  water  indicates  the  weight 
of  an  exactly  similar  bulk  of  water,  and  by  comparing 
this  with  their  weight  in  air,  we  arrive  at  once  at  the 
comparative  density  of  equal  bulks  of  water,  and  the 
substance  we  may  be  experimenting  upon. 

Let  me  apply  this  practically  to  a brewer’s  case, 
taking  ordinary  sugar  as  an  example.  The  specific 
gravity  of  sugar  ascertained  on  the  principle  just  men- 
tioned is  1'6,  as  compared  with  water  at  1 — that  is, 
the  gallon  which  holds  10  lbs.  of  water,  will  hold 
exactly  16  lbs.  of  sugar ; or,  in  other  words,  1 gallon 
of  sugar  is  represented  by  16  lbs.  in  weight.  Now, 
suppose  we  add  16  lbs.  of  sugar  to  a barrel  exactly  full 
of  water,  what  results  ? The  sugar  displaces  just  1 
gallon,  or  10  lbs.  of  water,  there  being  no  condensation 
of  volume ; we  now  have,  then,  35  gallons  of  water  at 
10  lbs.,  and  1 gallon  of  sugar  at  16  lbs.,  or  86  gallons 
of  a solution  weighing  366  lbs.  as  against  360  lbs.,  the 
weight  of  a barrel  of  water ; so  from  this  we  see  that 
the  connection  between  real  and  solution  weight  of 
sugar  is  in  the  proportion  of  16  to  6. 

This  is  entirely  a rough  practical  experiment,  that 
may  be  carried  out  by  any  one.  I have  referred  to  it 
very  often,  for  it  appeared  originally  in  that  useful  little 
work  on  brewing  by  Booth,  and  always  seemed  to  me 
a remarkably  clear  explanation  of  the  entire  subject. 
Eecent  investigations,  however,  especially  those  made 
by  Mr.  O’Sulhvan,  in  connection  with  malt  extract 
have  resulted  in  the  connection  between  actual  and 
solution  weight  of  such  extract  being  placed  thus  : — 
Ten  parts  of  malt  extract  equalling  2’ 59  when  in 
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solution,  or,  roughly  speaking,  2-6  ; while  the  proportion 
given  above  for  the  sugar  experiment  is,  as  will  be  seen, 
2‘66,  since  Y = 2’66.  The  meaning  of  this — and  it  is 
well  that  every  one  should  master  the  pomt — is  that  as 
brewers’  gravities  indicate  merely  comparative  or  solu- 
tion weight,  it  is  necessary  to  have  this  factor  con- 
stantly in  mind  when  dealing  with  definite  weights  of 
material,  whether  raw,  malted,  or  in  the  shape  of  sugars 
or  saccharines.  I have  purposely  kept  my  description 
free  from  all  technicalities  and  complexities,  and  while 
it  may  be  regarded  as  crude  by  those  having  scientific 
knowledge,  it  will,  I trust,  be  the  better  understood  by 
the  larger  class  of  readers  for  whom  this  work  is 
written. 

Let  me  now  apply  these  principles  to  a brewer’s 
daily  work.  Malt  is  supposed  to  yield,  theoretically, 
an  extract  amounting  to  about  78  per  cent,  of  its  enthe 
weight ; raw  material  about  70  ; sugars  according  to 
their  description,  from  98  downwards  to  85,  or  even 
less.  Now  this  can  all  be  put  into  practical  shape  by 
keeping  in  mind  the  exact  meaning  of  the  factor  2-6,  so 
fully  explained  above.  Let  me  take  the  case  of  malt. 
English  brewers  rarely  obtain  70  per  cent,  of  extract, 
since  a considerable  portion  of  the  starch  which 
should  be  converted  is  either  unmodified  or  so  \dtrified 
as  never  to  be  touched  during  an  infusion  mashing 
process,  and  the  average  extract  is  about  68  per  cent. 
A quarter  of  malt  weighs  336  lbs.,  and  since  100  yields 
68,  the  336  should  yield  228'4  Of  what  ? Sohd 
matter,  which,  in  solution,  would  equal  87’8,  since 
228-4  ^2-6  = 87-8. 

My  readers  will  thus  see  the  connection  between 
extract  per  cent,  as  expressed  by  an  analyst,  extract 
per  quarter  as  miderstood  by  themselves,  and  the 
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weight  of  solid  matter  actually  yielded  in  dissolved 
condition.  Again,  we  have  a sugar  offered  that  con- 
tains 16  per  cent,  of  moisture,  while  its  other  consti- 
tuents are  entirely  soluble,  and  we  desire  to  know  the 
extract  it  will  yield.  The  first  step  is  to  ascertain  the 
soluble  solid  matter  contained  in  1 cwt.,  the  usual  sale 
quantity,  and  as  the  moisture  is  at  the  rate  of  16  per 
cent.,  this  would  equal  17-92,  on  112  lbs.  leaving  94-08 
of  solids,  which -f- 2-6"=  = 36-1 ; that  is,  1 cwt.  of  such  a 
sugar,  containing  94  lbs.  of  sohds,  is  capable  of  giving 
a brewer’s  extract  of  36  lbs.  It  is  very  different,  of 
course,  with  some  of  the  descriptions  of  refined  cane 
sugar  containing  98  per  cent,  of  crystals,  and  which 
actually  hydrate  prior  to  fermentation — 100  lbs.  of  the 
cane  sugar  becoming  by  hydration  105-25  lbs.  of  invert 
— but,  as  there  are  reasons  why  cane  sugar  cannot 
always  be  employed  successfully,  I prefer  to  give  no 
tempting  picture  of  the  large  extract  they  are  capable 
of  yielding,  but  can  proceed  at  once  with  the  question 
of  estimate,  remarking  that  English  brewers  universally 
deal  with  solution  weights  expressed  either  in  terms  of 
360  or  1,000,  and  for  purposes  of  convenience,  I shall 
adhere  to  the  former  proportion. 

Speaking  simply  of  barrel  gravities,  I have  said  that 
malt  yields  68  per  cent,  of  extract,  which,  as  we  have 
seen,  corresponds  to  87-8  lbs. . per  quarter,  and  it  is 
pretty  evident  that,  by  dividing  this  by  the  gravity  of 
the  beer  we  wish  to  produce,  wo  can  tell  at  once  the 
number  of  barrels  per  quarter  that  we  can  obtain  of 
each  specified  beer  from  the  malt  employed.  In  prac- 
tical calculations  it  is  usual  to  decide  upon  a length  at 
a stated  gravity,  dividing  gross  pounds  required  by 

* More  correctly  2-597,  but  that  used  above  is  sufficiently 
accurate  for  ordinary  calculations. 
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normal  yield  of  extract  per  quarter,  in  order  to  arrive 
at  the  quantity  of  malt  to  be  mashed.  For  instance, 
we  require  100  barrels  of  a 22  lb.  beer,  and  50  barrels 
of  a 15  lb.  beer.  The  gross  extract  would  equal 
2,950  lbs.,  which,  -i-  87'8,  the  normal  extract,  would 
correspond  to  33-5  quarters  of  malt,  or  if  we  were 
using  a proportion  of  sugar,  say,  one-fourth,  our 
extract  would  be  composed  of  2,213  lbs.  malt  extract, 
corresponding  to  25-2  quarters  of  malt,  and  about 
20-5  cwts.  of  the  specified  sugar,  equalling  737  lbs., 
or  one-fourth  of  total  required.  Of  course  it  is  easy, 
and  in  many  places  customary,  to  reverse  operations, 
the  brewer,  starting  with  a definite  quantity  of  malt 
and  sugar,  splitting  the  gross  extract  up  into  certain 
distinct  lengths  at  different  gravities,  corresponduig 
to  bis  requirements,  and  to  the  capacity  of  the 
fermenting  vessels  which  be  may  bappeii  to  have  at 
liberty. 

He  has  next  to  concern  himself  with  the  diminution 
in  bulk  that  takes  place  during  bis  practical  operations 
of  boibng  and  cooling,  since  it  is  unnecessary,  perhaps, 
to  say  that  what  little  loss  in  extract  takes  place,  repre- 
sented by  quantity  absorbed  and  retained  by  bops,  or 
left  behind  as  a surface  film  on  coolers,  is  duly  taken 
account  of,  and  is,  in  short,  over  and  beyond  the  normal 
extract  of  which  I have  spoken,  that  being  the  nett 
yield  obtained  in  gathering  vessels.  Now,  these  losses 
in  bulk  depend  upon  several  considerations.  The  ves- 
sels of  the  brewer  are  somewhat  roughly  gauged ; he 
dips  wort  hot  in  one  set  of  vessels,  cold  in  his  gathering 
or  collecting  squares,  so  contraction  in  bulk  accomits 
for  one  portion  of  the  entire  loss.  Again,  in  his 
copper  “length”  hops  are  included,  while  these  hops 
are  separated  prior  to  the  wort  passing  on  to  coolers. 
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Then,  again,  while  the  wort  is  in  copper,  hop  hack  and 
on  coolers,  rapid  evaporation  is  taking  place,  the  loss 
in  hulk,  from  boiling  alone,  varying  from  2 up  to 
15  or  20  per  cent,  of  the  entire  hulk,  according  to 
the  shape  and  size  of  copper  and  the  system  of 
boiling  adopted,  and,  finally,  wort  flowing  over  dry 
surfaces  leaves  behind  a film  of  its  own  bulk,  and 
thus  the  length  gathered  in  collecting  vessel  is  alto- 
gether different  in  volume  from  the  quantity  pumped 
to  coppers. 

It  is  quite  impossible  for  me  to  fix  any  percentage 
that  would  he  of  any  particular  value  for  individual 
cases,  since  losses  in  bulk  vary  immensely  ; but,  as  a 
rough  guide,  I may  say  that  diminution  by  boiling 
averages  about  11  per  cent.,  while  loss  between  coppers 
and  fermenting  tuns  would  run  to  about  9 or  10.  The 
next  series  of  brewers’  figures  are  termed  copper  cal- 
culations, and  they  are  carried  out  in  two  distinct 
ways,  some  taldng  the  lengths  and  gravities  of  each 
copper,  deducting  from  the  lengths  the  known  losses  in 
bulk,  adding  to  the  gravities  the  average  increment, 
multiplying  the  corrected  quantities  together,  com- 
parmg  nett  extract  with  original  calculated  require- 
ment, any  deficiency  being  made  good  by  the  addition 
of  sugar,  so  that,  to  keep  within  the  strict  letter  of  the 
law,  the  time  entered  on  Excise  paper  for  solution  of 
sugar  should  be  late  enough  to  cover  the  time  usual 
for  making  copper  gravities  up  to  requirement ; other- 
wise, if  prohibited  from  adding  sugar,  the  wort  would 
have  to  be  concentrated,  this  method  practically  giving 
a shorter  length  at  required  gravity.  Others  take  the 
gross  lengths  in  copper  at  the  standing  gravities,  and 
deduct  from  the  multiplied  product  the  average  loss  in 
the  extract  which  apparently  results,  as  calculated 
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from  a series  of  prior  brewings,  a loss  which  prac- 
tically runs  to  about  8 per  cent.,  this  calculation 
showing  them  at  once  whether  their  copper  gravities 
are  sufficient  to  give  them  required  extract ; if  in  excess, 
bulk  is  increased  by  the  addition  of  liquor  ; if  deficient, 
sugar  is  added,  or  the  length  concentrated. 

I claim  for  this  work  that  it  is  entirely  practical,  and 
I therefore  give  an  actual  example  of  a brewing  cal- 
culated out  from  first  to  last ; and,  in  order  to  render  it 

Example  of  of  the  greater  service,  I purposely  take  a party  gyle, 

party  gj’le.  ^ a.  j.  a 

and  will  say  that  it  is  a brewing  in  which  sugar 
forms  a considerable  portion  of  entire  extract.  Wo 
are  brewing  as  follows  : Equal  lengths  of  a 22,  20,  and 
18  lbs.  beer,  110  barrels  of  each,  the  sugar  proportion 
to  be  one-fifth,  the  saccharine  in  use  yielding  36  lbs. 
per  cwt.,  the  malt  being  reckoned  at  87-0  per  qr.,  the 
wort  to  be  boiled  off  in  two  lengths  in  four  separate 
coppers  of  varying  size.  The  figures  below  will,  I 
think,  explain  themselves,  at  any  rate,  with  the  aid 
of  the  few  side  remarks  appended; — 


EXAMPLE  OF  BEEWING  ESTIMATE,  COPPEE,  AND  SUB- 
DIVISION OF  WOET  CALCULATIONS. 

lbs.  extract. 

110  barrels,  at  22 '0  --  2420 

110  barrels,  at  20 '0  = 2200 

110  barrels  beei',  at  18’0  = 1980  sugar  extract  = 3< 

cwts. 

Saccharine  proportion  ^)6600( 

1320 


Malt  extract,  at  87  per  qr.)5280(60  qrs.  4 bush. 

522 

60 

That  is,  we  mash  GO  qrs.  4 bush,  malt,  and  dissolve 
37  cwts.  of  sugar  to  produce  quantity  required. 
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The  next  step  is  to  ascertain  copper  lengths,  in  order 
to  obtam  330  nett  barrels  in  collecting  vessels. 

Barrels  in  collecting  squares  330 

Losses — 

Evaporation  by  boiling  olf  4 distinct  lengths — 

12  + 12  + 10  + 12  = 46 

Hop  retention  and  bulk  contraction — 

14  + 24  = 38 

414  barrels. 

This  length  we  distribute  as  follows  : — 

No.  I.  Copper,  125  First  wort. 

II.  „ 125'! 

III.  ,,  72  J- Blend  as  second  wort. 

IV.  „ 92  J 

414 

On  the  coppers  being  charged,  gravities  were  found 
as  under,  and  it  is  as  well  to  remark  that  the  strong 
runnings  had  been  more  or  less  divided  over  entire 
length : — 

First  wort,  125  barrels  at  32'0  gravity. 

Second  wort,  125  ,,  at  15 '3 'j 

,,  „ 72  ,,  at  8'5  j-  Or,  289  at  IM. 

By  referring  to  losses,  we  see  that  the  first  wort  evapo- 
rates 12  barrels,  and  diminishes  in  bulk  14  by  hop 
retention,  contraction  in  bulk,  and  cooler  evaporation. 
The  second  blended  lengths  lose  34  barrels  by  boiling, 
and  24  by  hop  retention,  &c.,  so  the  nett  gathering 
quantities  would  be  99  first  wort,  231  second  wort, 
making  up  the  330  barrels  required  ; while  at  the  same 
time  the  gravities  would  increase  as  under.  First  wort, 
2’ 5 per  barrel ; second  wort,  1'7  per  barrel.  At  making 
up  of  coppers  our  calculation  stands  thus — 

Nett  result— - 

First  wort  ...  99  barrels  at  34 '5  = 3415 

Second  wort  . . 231  „ at  12-8  2956 


6371 
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that  is,  as  against  6,600  lbs.  required  ; so  that  in  order 
to  make  gravity  good,  we  either  add  6 cwt.  of  sugar  to 
make  up  deficiency,  or  as  the  mean  gravity  of  beers  is 
20'0,  turn  out  11  barrels  less  length,  cutting  each  of 
the  beers  8f  barrels  short  in  gathering  vessels. 

Sub-division  of  Before  describing  the  actual  subdivision  of  these 

■wort. 

worts  let  me  say  that  if  we  are  merely  dividing  different 
lengths  of  separate  worts  for  a smgle  beer  into  gathering 
vessels  of  various  dimensions,  there  is  no  difficulty  in 
the  matter,  since  all  is  accomplished  by  a simple  pro- 
portion sum.  For  instance,  taking  the  brewing  in 
question,  as  all  one  beer  distributed  over  vessels,  such 
as  the  following  series  : 50,  45,  82,  95,  and  58,  the  pro- 
portional division  for  first  wort  would  be  as  follows  : — 

Total  First  First 

length,  vessel,  length. 

3.30  : 50  99  = 15  barrels, 

that  is,  15  barrels  of  the  first  wort  would  be  placed  in 
the  fifty-barrel  collecting  vessel,  the  proportion  for  the 
other  vessels  being  ascertained  in  the  same  way. 
Tjneciuaisub-  Now,  in  the  case  of  a “ party  gyle  ” a combination  of 
pS;y°^ie°s^.  heers  of  miequal  gravities,  the  varying  “ strength  ” is 
arrived  at,  of  course,  by  the  miequal  intermixture  of 
the  several  worts,  and  the  problem  to  he  solved  is  what 
this  miequal  mixture  must  be.  In  the  case  above  we 
know  that  we  have  sufficient  wort  and  extract  to  give 
required  gravity  and  length  of  each  beer  calculated  for. 
How,  then,  are  we  to  subdivide  99  barrels  at  34-5,  and 
231  at  12'8  to  give  in  collecting  vessels  110  at  22‘0,  and 
similar  quantities  at  20  and  18  ? 

The  simplest  plan  is  to  deal  with  each  beer  sepa- 
rately, seeing  what  excess  of  extract  we  shall  have  if 
taking  all  first  wort  to  such  beer,  and  then  ascertainmg 
liow  any  excess  can  be  displaced  by  substituting  second 
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wort  for  first.  Thus  in  the  example  above  it  is  appa- 
rent that  by  substituting  second  wort  for  first,  for  every 
barrel  of  second  wort  used  we  displace  21-6  lbs.,  the 
difference  between  12-8  and  84'5. 

We  require  110  barrels  at  22-0  = 2,420  lbs.  Now  110 
barrels  X 34-5  = 3,795,  showing  an  excess  of  1,375  lbs. 
over  required  quantity  ; and  if  this  be  divided  by  dif- 
ference between  gravity  of  first  and  second  wort,  which, 
as  seen  above,  is  21-6,  we  find  that  it  will  require  the 
substitution  of  63-6  barrels  of  second  wort  for  corre- 
sponding first  wort,  hi  order  to  displace  the  excess  lbs. 
in  question.  In  other  words,  our  beer  of  22  lbs.  gravity 
would  be  made  up  of  46-4  barrels  at  34-5,  and  63-6 
barrels  at  12-8,  equalling  110  barrels  at  22-0. 

The  other  beers  are  calculated  for  in  the  same  manner, 
and  it  will  be  seen  that  the  results  come  out  with  per- 
fect accuracy.  The  rule  for  division  of  worts  in  party 
gyles  may  be  thus  expressed.  Multiply  each  length  by 
gravity  of  first  wort ; deduct  from  result  the  lbs.  ex- 
tract required,  and  divide  excess  by  difference  between 
gravity  of  first  and  second  worts  ; the  quotient  will  be 
the  barrels  of  second  wort  required,  which,  subtracted 
from  total,  gives  barrels  of  first  wort. 

It  Avill  be  perfectly  evident  that  the  two  calcula- 
tions I have  last  given  suffice  for  many  purposes  in 
the  brewery,  such  as  the  proportional  distribution  of 
certain  bulks  into  vessels  of  dissimilar  size,  the  blend- 
ing of  different  lengths  of  a single  beer  existing  at 
varying  final  attenuation  into  separate  racking  tanks, 
so  that  a mean  gravity  is  attained,  and  also  consti- 
tute a means  of  readily  calculating  the  proportional 
intermixture  of  two  or  more  beers  at  dissimilar  orig- 
inal gravity,  to  produce  a beer  of  any  mean  strength 
required. 
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For  instance,  we  have  plenty  of  beer  in  stock  at  a 
gravity  of  30  and  18,  and  a necessity  arises  to  produce 
some  at  20  : putting  on  one  side  for  a moment  the 
question  as  to  advisability  of  blending  beers,  even  those 
produced  in  one  plant,  it  is  sufficiently  easy  to  calculate 
the  required  intermixture,  treating  gallons  as  barrels, 
since  we  find  that  80  gallons  of  the  18  lb.  beer  mixed 
with  6 gallons  of  the  30  lb.  would  give  a mean  gravity 
of  20  lbs.  per  barrel.  Thus,  the  apparent  extract 
required  is  720  (86  x 20),  while  36  x 30  = 1,080,  or  an 
excess  of  360 : difference  between  gra\dty  of  18  and 
30  = 12,  and  360  -f-  12  = 30.  Therefore,  30x18-1- 
6 X 30  = 36  X 20-0. 

All  these  matters  are  easily  described  in  algebraic 
formula,  but  it  would  be  useless  in  a work  of  this 
description  putting  anything  in  a very  advanced  manner, 
and  I believe  that  the  figures  given  almost  explain 
themselves. 

As  soon  as  fermentation  commences  another  loss 
in  bulk  begins  through  the  elimination  of  yeast- forming 
matter,  there  being  slight  difference  in  volume  between 
fermentable  matter  and  the  transformation  products. 
This  loss  varies  in  amount  according  to  the  system  of 
fermentation,  the  extent  of  yeast  outcrop,  and  whether 
such  yeast  be  pressed  or  no,  and  its  filtrate  returned  to 
bulk.  I mention  this  here  as  it  concerns  calculating 
nett  extract,  since  many  brewers  are  in  the  habit  of 
statmg  gross  extract  on  gathered  length,  in  place  of  nett 
yield  in  cask,  the  difference  between  the  two  varying,  as 
above  stated.  There  is  one  more  point  to  deal  ■ndth  in 
connection  with  this  subject  when  using  mixed  grists  of 
pale,  brown,  and  black  malts,  the  general  rule  being 
somewhat  absurd,  since  brewers  are  apt  to  express 
extract  on  pale  and  broAvn  after  deducting  the  caramel- 
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ised  material.  I think  it  preferable  to  calculate  the 
brown  or  blown  at  60  per  qr.,  the  black  at  40,  taking 
the  difference  for  the  pale. 

We  now  come  to  the  question  of  cost  price  of  beer — a 
subject  that  has  been  very  much  neglected,  but  which,  in 
these  days  of  competition,  is  of  the  most  extreme  import- 
ance. Now,  the  cost  price  of  beer  is  not  difficult  to  ascer- 
tain if  we  keep  a proper  account  of  each  brewing  in  an 
ordinary  brewing  journal  of  the  malt,  sugar,  bops,  and 
chemicals  used,  the  number  of  barrels  of  beer  obtained 
and  racked  into  trade  casks.  To  the  cost  of  the  absolute 
materials  we  have  to  add  duty  and  the  proportional 
amount  chargeable  to  the  specified  brew  for  such  items 
as  finings,  coal,  labour,  and  salaries  for  brewbouse, 
crediting  Dr.  side  with  amount  derived  from  sale  of 
grains  and  yeast,  and  finally  dividing  nett  total  cost  of 
all  the  above-named  items  by  the  actual  nmnber  of 
barrels  racked. 

In  the  case  of  a party  gyle,  where  several  beers  are 
produced,  the  relative  sum  chargeable  to  each  distinct 
beer  is  arrived  at  by  a proportion  sum,  comparing  the 
pounds  extract  in  entire  brew  with  the  proportion  of 
that  total  in  the  specified  beer,  the  third  term  of  our 
sum  being  the  gi-oss  money  charge,  and  the  fourth  the 
proportion  of  it  standing  against  the  beer  we  are 
calculating  the  cost  price  of.  I give  below  an 
example,  taken  from  an  actual  cost-price  book,  and 
may  simply  say  that  in  the  brewery  to  which  it 
belongs  the  average  cost  of  production,  including  all  the 
items  above  named,  is  under  50  per  cent,  of  invoice 
price. 

Of  course  it  must  be  clearly  understood  that  this 
account  leaves  out  of  question  such  items  as  rent, 
taxes,  gas,  water,  depreciation  in  value  of  plant. 
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carriage  charges,  office,  commission,  and  general  out- 
side expenditures  ; but  each  brewer  can  easily  deter- 
mine these  for  himself,  and  it  is  better,  in  calculating 
the  absolute  cost  of  beer,  to  state  it  in  the  way 
described. 


Excise  charges. 
Standard  bushel 
and  its  equiva- 
lent in  sugar. 


Allowance  for 
moisture. 


The  standard 
bushel. 


Presumptive 

yield. 


In  conclusion,  I may  briefly  refer  to  Excise  charges, 
and  the  method  of  calculating  them.  As  is  well  loiown, 
under  the  terms  of  the  new  Beer  Act  42  lbs.  of  malt  is 
taken  as  the  standard  bushel,  while  32  lbs.  of  glucose, 
or  28  lbs.  of  cane  sugar,  is  supposed  to  be  equivalent  in 
extract  yield  to  the  standard  bushel  named.  The  regu- 
lation respecting  the  32  lbs.  of  saccharine  has  only 
recently  come  into  force,  brewers  previously  themselves 
maldng  the  correction  for  moisture  percentage,  while 
at  the  present  time  the  gross  weight  used  is  entered  in 
special  column,  the  Excise  officers  being  authorised  to 
deduct  one-eighth.  I have  heard  it  stated,  however, 
that  some  brewers  prefer  to  make  an  accurate  deduc- 
tion themselves,  to  make  sure  of  getting  it,  since 
the  one-eighth  only  corresponds  to  about  12|  per 
cent,  of  moisture,  while  many  saccharines  contain 
as  much  as  16  ; but,  at  the  same  time,  this  modi- 
fied rate  is  a decided  step  in  the  right  direction,  and 
does  credit  to  the  justice  of  the  Inland  Eevenue 
authorities. 

Now,  there  are  two  systems  of  levying  duty,  the 
charge  being  either  made  on  material  employed  or  on 
the  produce  yielded,  and  the  reason  for  this  is  as 
follows : — The  Inland  Eevenue  authorities  assume 
that  a standard  bushel  of  malt,  28  lbs.  of  crystaUised 
sugar,  or  32  lbs.  of  saccharine,  is  capable  of  producing 
0-5  barrel  of  standard  beer — i.e.,  beer  of  a gravity  of 
1,057  or  20-5 ; and  if  the  unfortunate  brewer  does  not 
succeed  in  obtaining  it,  or,  at  least,  within  a margin  of 
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4 per  cent.,  the  duty  charge  is  not  made  on  length 
collected  in  fermenting  vessel,  but,  in  other  words, 
upon  the  presumptive  quantity  that  should  have  been 
obtained. 

First  of  all,  the  brewer  enters  his  material  on  the  Entry  of 
above-named  basis — malt  at  42  lbs.  per  bushel,  and 
sugar  in  specified  column — and  on  brew  being  col- 
lected, the  charge  is  at  once  calculated  by  taking  the 
quantities  as  obtained  from  dip-book,  multiplying  these 
mto  their  respective  gravities,  and  dividing  by  either 
67°,  or  20-5,  according  to  whether  densities  are  ex- 
pressed in  terms  of  1,000  or  860,  in  order  to  arrive  at 
the  corresponding  number  of  standard  barrels.  Off 
this  number  6 per  cent,  is  deducted,  this  representing,  Allowance  for 
according  to  Inland  Revenue  notions,  the  average  loss 
in  bulk  that  takes  place  between  the  gathering  of  the 
wort  and  the  racking  of  fermented  beer,  a duty  charge 
of  6s.  3d.  attaching  to  each  of  the  nett  number  of 
standard  barrels. 

The  Excise  officer,  in  order  to  check  the  result.  Correction  of 
then  deals  with  the  materials  on  the  basis  above  de- 
scribed,  and  if  the  charge  work  out  to  a less  number 
of  standard  gallons  than  the  actual  yield,  the  gathering 
charge  stands ; while  if  a deficiency  of  standard  barrels 
exists  in  gathering  squares,  when  this  comparison  is 
made  between  presumptive  and  actual  yield,  after  a 
further  allowance  of  4 per  cent.,  the  charge  shifts  from 
the  one  to  the  other ; although,  as  is  well  known,  the 
results  are  averaged  for  each  month,  the  duty  being 

payable  within  about  fifteen  days  of  the  Excise-book 
being  made  up. 

^ It  IS  necessary  to  remark  here  that  the  presumptive  Fairness  of  pre- 
yield  of  material  is  not  excessive,  since  it  only  amounts 
to  82  lbs.  extract  per  quarter  on  malt,  and  a similar 
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quantity  from  2 cwt.  of  cane  sugar ; and  although 
saccharines  fall  short  of  yielding  this,  it  is  rare  that 
more  than  one-third  of  sugar  be  used ; and  the  state- 
ment made  is  not,  therefore,  wide  of  the  mark,  since 
malts  made  up  to  weight  should  at  least  yield  85,  a 
sufficient  counterbalance  for  any  shght  deficiency  of 
sugar  extract. 

The  Excise  officers  are  hound  to  keep  a journal  or 
diary  open  at  all  times  to  inspection,  and  it  is  an  easy 
matter  for  the  brewer  in  charge  to  see  for  himself 
whether  his  own  calculations  of  duty  agree  with  those 
of  the  officer ; while  my  own  experience  is  that 
courteous  Inland  Eevenue  officials  invariably  call  at- 
tention to  abnormal  results  in  either  direction,  for 
although  charges  on  material  are  quite  common  in 
small  breweries,  they  are  very  rare  in  large  plants  ;. 
indeed,  there  is  generally  an  excessive  yield  of  some- 
thing like  10  per  cent,  over  presumptive  quantity  ; the 
Excise  taking  no  notice  of  this  unless  the  excess  runs 
higher  than  12. 

I now  come  to  a very  simple  calculation  that  often 
puzzles  both  Excise  officers  and  brewers,  and  I specially 
mention  it  as  it  will  familiarise  many  readers  vdth  the 
factors  and  divisors  previously  explained.  I refer  to  the 
question  of  caramel,  either  supplied  by  sugar  dealers  or 
made  on  the  spot,  the  Excise  insisting  that  this  shall 
be  diluted  to  a gravity  of  1,150,  and  entered  as  a solu- 
tion of  dry  sugar,  as  well  as  declared  at  its  standing- 
gravity.  I prefer,  for  the  reasons  stated,  to  work  out 
solid  contents  on  the  elementary  principles  explained, 
for  the  specified  purpose,  and  I mil  suppose  that  in  our 
caramel  tub  we  have  52-5  gallons  of  solution,  at  a 
gravity  of  1,105,  the  query  being  what  amount  of  dry 
sugar  must  be  entered  on  notice  paper. 
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The  gravity  of  1,105  corresponds  to  37‘9  per  barrel, 
or  1.05  per  gallon,  which  multiplied  by  the  factor 
2-6  = 2‘73  lbs.  dry  matter  per  gallon;  and  as  there  is 
a bulk  of  52-5  gallons,  we  have  consequently  143-8  lbs. 
of  di-y  matter  in  the  caramel  tub.  The  same  result 
may  be  arrived  at  in  many  different  ways,  but  I have 
repeated  a familiar  example,  with  the  intention  of 
over  and  over  again  exemplifying  factors  little  under- 
stood. 

It  is  a most  difficult  matter  in  brief  space,  or  without 
endless  examples,  to  make  the  subject  of  brewery  calcu- 
lations perfectly  plain  ; I have  now  run  through  those 
that  are  commonly  employed,  and  hope  that  the  subject- 
matter  of  this  chapter  will  induce  many  who  have 
hitherto  worked  by  mere  rule-of-thumb  to  organise, 
according  to  the  data  given,  their  extraction  process, 
so  that  they  may  really  know  how  they  stand  as  regards 
possible  profits. 
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Cost  price 
ample. 


EXAMPLE  OF  COST-PRICE  BOOK. 


Beers  of  following  saccliarometer  gratdties,  36,  33,  30,  and 
15  lbs.  per  barrel,  described  as  K K A,  K A,  X X X X X,  and 
Beer. 


Dr. 

Malt- 

40  quarters,  at  42s.  6d. 

25  „ 41s. 

Saccharines — 

42  cwt..  White,  at  18s.  3d. 
16  ,,  Brown,  at  17s. 


£ s.  d.  £ s.  d. 

. 85  0 0 
. 51  5 0 

136  5 0 


. 38  6 6 

. 13  12  0 

51  18  6 


Hops — 

458  lbs.  East  Kent  “ Gaunt,”  1883, 

£8  8s 34  7 0 

232  lbs.  Bavarians,  1878,  36s.  6d.  . 3 15  7 

110  lbs.  East  Kent  [racking],  1883, 

£8  8s 8 5 0 


16  lbs.  Beane’s,  No.  1 . . . 

60  gallons  Foreign  Yeast,  at  Is.  6d. . 

Duty 

Wages 

Finings 

Coal 

Salaries 


1 4 0 
4 10  0 
115  6 11 
7 4 3 

0 17  3 

1 11  6 
3 4 3 


46  7 7 


133  18  2 


£368  9 3 


Cr. 

Grains 

Yeast 


8 13  4 
1 0 0 

9 13  4 


£358  15  11 
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Cr. 

Extract  per  quarter 
Cost  per  lb.  of  Extract  . 

Cost  per  Barrel  Backed,  K K A 
>j  ))  KA 

>.  „ xxxxx 

>)  ))  Beer 

K K A,  Barrels  Brewed  . 

) s j , B<acked  ... 

)>  >)  Waste  . 

K A,  Banels  Brewed 
),  Backed 

,,  Waste 

XXXXX,  Barrels  Brewed 
I)  ,,  Backed  . 

))  ,,  Waste 

Beer,  Barrels  Brewed 
>i  )j  Backed 

>)  j,  Waste 


. 84-0 

. 0/6 

. 34/6f 
. 31/0 
. 28/9f 
. 15/5J 

. 54 
. 52f 


. 65 
. 65 


. Nil. 


. 67 
. 65 

. 2 


. 101 
. 94 


7 


Distribution  of  Nett  Cost— 


lbs. 

kka. 

1954  cost 

KA, 

2145  „ 

XXXXX, 

1548  „ 

Beer, 

1990  „ 

Total  lbs. 

7637 

. 91  17  0 
. 100  16  7 
. 72  15  4 
. 93  7 0 


Total  cost  £358  15  11 
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CHAPTEE  VII. 

CHEMICAL  ANALYSIS — ELEMENTAEY  BIOLOGY  IN  EEPEE- 
ENCE  TO  BEEWING. 

The  present  chapter  treats  of  subjects  that  have  only 
been  of  interest  to  brewers  within  the  last  few  years, 
and  both  necessitate  somewhat  lengthy  description, 
although  it  is  not  my  intention  to  enter  deeply  into 
analytical  detail,  but  merely  to  describe  the  extent  of 
chemical  Imowledge  requisite,  and  the  point  to  which 
analytical  experiment  should  be  carried  ; but  as  regards 
biology,  it  embraces  the  whole  subject  of  ferment  hfe, 
the  stability  and  deterioration  of  beer,  and  is  one  de- 
serving the  attention  of  both  writer  and  reader  more, 
perhaps,  than  any  other  I can  call  to  mind. 

As  brewing  happens  to  be,  in  alt  its  preliminary  pro- 
cesses, a strictly  chemical  one,  it  is  only  right  that 
students  should  understand  something  about  the  inte- 
resting change  that  takes  place  in  the  mash-tun,  during 
which  nearly  the  whole  starch  of  malt  becomes  trans- 
formed into  fermentable  sugars,  and  nothmg  perhaps 
conduces  to  more  practical  experience  on  this  and 
similar  points  than  to  run  through  a course  of  ele- 
mentary analysis  in  the  laboratory,  not  only  deter- 
mining the  fitness  of  water  for  use,  and  its  saline 
character,  but  the  value  of  the  various  malted  and  raw 
materials  that  are  employed  together  with  sugar  and 
saccharines,  the  composition  of  our  worts  when  ob- 
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tained,  and  the  character  of  the  finished  beers  as  exist- 
ing in  cask. 

Unfortunately,  I can  in  these  pages  offer  but  a very 
poor  substitute  for  such  a course,  confining  myself  of 
necessity  to  a brief  reference  to  those  analytical  pro- 
cesses that  are  of  the  greatest  service,  leaving  to  my 
futm’e  text-book  on  Brewing  Analysis  the  duty  of  put- 
ting in  full  form  the  actual  details  of  proceeding. 

I propose,  then,  without  employing  figures  at  all, 
to  touch  upon  the  question  of  water,  malt,  raw  grain, 
saccharine,  raw  wort,  boiled  wort,  collected  wort,  finished 
beer,  and  yeast  analysis,  following  this  with  a brief 
reference  to  that  of  the  various  chemical  bodies  that 
are  now  used  for  the  several  purposes  in  brewing 
enumerated  in  Chapter  IV. 

As  regards  water  analysis,  constant  dispute  is  pro- 
ceeding among  analysts,  but  it  will  be  found  that  the 
process  of  Professor  Wanklyn  generally  answers  every 
purpose,  if  the  brewer  pays  special  attention  to  the 
quantity  of  iron  and  nitric  acid  present,  as  well  as  to 
those  points  to  which  Wanklyn  attaches  so  much  im- 
portance— namely,  “ the  ammonias,”  as  representnig 
organic  impurity.  L’on  is  a grave  defect  as  a con- 
stituent of  brewing  water,  while  nitric  acid  is  in  many 
instances  disastrous,  although  I have  previously  shown 
how  its  influence  may  be  minimised. 

The  special  poiiit  for  the  student  to  master  is  the  one 
in  connection  with  the  meaning  of  ammonia  proportions 
in  conjunction  with  chlorine  and  nitric  acid,  and  the 
general  rule  may  be  thus  explained  ; chlorides  alone  are 
no  proof  of  impurity,  while,  on  the  other  hand,  all  con- 
taminated waters  are  heavily  charged  with  soda  salts. 

Laboratory  Text  Book,”  by  Lawrence  Briant  and  Frank 
Faulkner. 
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Dr.  Franklancl’s 
theory. 


Deep  London 
well  waters. 


The  organic 
carbon  method 
of  analysis. 


Dr.  Tidy’s  pro- 
cess. 


not  only  in  the  form  of  chlorides,  but  frequently  also  as 
carbonates  ; the  presence  of  the  latter  salts  being  easily 
detected  by  the  fusing  of  the  residue  on  ignition.  Again, 
“ free  ammonia,”  in  excess  in  certaui  rare  instances, 
as  explained  in  the  chapter  on  Waters,  is  no  index  of 
impurity,  but  when  we  have  large  quantities  of  both 
“ free  ” and  albuminoid  ammonia,  chlorine,  and  nitric 
acid  appearing  side  by  side,  then  the  water  is  not  only 
defiled,  but  has  been  so  for  a long  period. 

The  contention  of  other  water  analysts,  notably  Dr, 
Frankland,  a great  authority  on  the  subject,  is  that 
some  types  of  nitrogenous  matter  fail  to  yield  the  whole 
of  their  nitrogen  in  the  form  of  ammonia,  when  sub- 
mitted to  the  permanganate  process,  and  that  in  worldng 
according  to  the  hues  laid  down  by  Professor  Wanklyn, 
it  is  impossible  to  say  whether  certain  waters  are 
actually  contaminated  or  no,  this  being  notably  the 
case  with  the  deep-well  waters  of  the  London  basm, 
which  yield,  on  analysis,  large  quantities  of  chlorine 
and  the  two  ammonias,  hut  are  not  regarded  as  con- 
taminated supply.  Dr.  Pranldand’s  method  is  based 
upon  the  principle  of  submitting  the  saline  residue  of  a 
water  that  has  been  evaporated  to  dryness  with  great 
care,  to  actual  combustion,  so  determining  the  organic 
carbon  and  nitrogen,  while  from  the  proportion  that 
exists  between  the  carbon  and  nitrogen  so  estimated, 
the  analyst  is  able  to  decide  whether  the  organic  con- 
stituent results  from  sewage  contamination  or  no — i.e., 
if  the  proportion  of  nitrogen  is  in  any  way  similar  to 
that  of  the  carbon,  defilement  of  the  water  with  excre- 
mental  matter  has  undoubtedly  taken  place ; while  if 
the  carbon  constituent  largely  predominates,  the  organic 
body  yielding  it  is  held  to  be  of  vegetable  origin. 

Dr.  Tidy’s  process  also  finds  much  favour  at  the 
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present  day,  although,  in  principle,  it  is  not  exactly 
novel.  Dr.  Tidy  holds  that  the  exact  organic  condition 
of  a water  can  be  readily  determined  by  ascertaining 
the  quantity  of  oxygen  required  to  counterbalance  its 
deoxidising  capacity,  or,  in  other  words,  to  completely 
burn  up  such  organic  matter  at  the  ordinary  tempera- 
ture of  water. 

The  test  solution  is  simply  permanganate  of  potash  of 
standard  strength,  each  cubic  centimetre  corresponding 
to  a definite  measure  or  weight  of  oxygen ; and  in 
determining  the  organic  constituent  of  the  water,  a 
measured  bulk  is  carefully  titrated  with  the  perman- , 
ganate  until  the  violet  colour  becomes  permanent, 
showing  that  the  potash  salt  added  is  no  longer  being 
deoxidised.  There  is  no  doubt  that  in  the  vast  majority 
of  cases  the  ammonia  process  first  described  answers 
•every  purpose  ; but  it  is  only  fair  to  say,  that  in  certain 
instances  confirmatory  evidence  is  necessary,  and  it  is 
well  for  every  one  engaged  in  the  occasional  analysis  of 
water  to  know  how  the  three  methods  of  determination 
stand  in  relation  to  each  other.  A far  more  accurate 
method  of  conducting  Tidy’s  process  consists  in  the 
addition  of  an  excess  of  permanganate  of  potash  to  the 
water  under  examination.  After  allowing  the  whole  to 
stand  three  or  four  hours,  the  residual  permanganate 
is  citrated  by  the  addition  of  a few  drops  of  potassic 
iodide,  and  the  iodine  thus  hberated  is  determined  with 
sodic  hyposulphite  solution,  using  starch  solution  as 
an  indicator.  If  readers  wish  to  go  into  the  subject 
generally,  they  can  easily  refer  to  the  works  of  the 
three  professors  mentioned. 

As  a point  in  connection  vsith  the  general  subject  of 
the  chemistry  of  water  analysis,  I may  mention  the 
vexed  question  as  to  whether  carbonate  of  soda  and 
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sulphate  of  lime  can  exist  side  by  side  in  solution,  and 
whether  calcium  chloride  added  to  a water  contain- 
ing carbonate  of  soda  would  decompose  the  soda  salt. 
According  to  the  ordinary  law  of  affinities  a mutual 
decomposition  should  result  in  each  case,  and  endless 
experiments  may  be  made  in  a laboratory  to  prove  that 
it  is  so ; why,  then,  should  there  be  any  doubt  on  the- 
subject?  Well,  first  of  all,  I often  see  the  reports  of 
analysts  with  such  an  apparent  erroneous  arrangement 
of  sahne  constituents,  expressed  in  figures ; secondly,, 
we  must  remember  that,  in  ordinary  waters,  the  state 
of  dilution  is  extreme,  and  the  saluie  bodies  exist  in 
the  presence  of  carbonic  acid,  which  undoubtedly  exer- 
cises a determining  infiuence ; and  thirdly,  I have 
heard  of  the  most  disastrous  results  from  the  use  of 
chloride  of  calcium  for  the  purpose  named,  which  cer- 
tainly would  not  have  followed  if  the  mutual  decompo- 
sition had  taken  place.  Unfortmiately,  there  is  no- 
method of  proving  whether  the  affinity  reaction  in 
either  case  results  or  no,  excepting  by  very  indirect 
means  ; but,  at  any  rate,  I have  never  seen  a water  con- 
tainmg  any  considerable  quantity  of  the  two  salts. 

I am  no  great  believer  in  the  sugar  test,  which 
depends  upon  the  land  of  action  which  goes  on,  when 
we  add,  to  a small  quantity  of  the  water  under  trial, 
a portion  of  pure  loaf  sugar,  the  idea  being  that  if 
it  contain  developed  ferments,  these  will  soon  cause, 
in  the  presence  of  fermentable  and  ferment-forming 
matter,  turbidity,  followed  by  a deposit  that  can  be- 
microscopically  examined.  On  the  other  hand.  Dr. 
Tidy’s  process,  which  hinges  upon  the  use  of  a standard 
solution  of  dilute  permanganate,  should  be  understood 
and  practised  by  every  brewer,  since  it  is  simplicity 
itself,  and  the  slightest  change  in  the  organic  consti- 
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tution  of  a water  can  be  discovered  in  a moment  by 
its  aid. 

The  soap  test  was  at  one  time  in  high  favour,  but  the 
results  are  so  deceptive  if  the  water  contain  any  quan- 
tity of  magnesia,  and  the  soap  solution  itself  is  so  apt 
to  alter,  that  the  test  has,  to  a certain  extent,  become 
impopular,  and  the  plan  of  separating  the  salts  that  are 
soluble  after  ignition  of  residue  from  those  no  longer 
soluble  in  the  absence  of  the  necessary  excess  of  car- 
bonic acid  (driven  off  by  ignition)  is  now  considered  a 
ready  and  reliable  means  of  speedily  ascertaining  the 
general  characteristics  of  the  saline  constituents. 

This  question  of  water  analysis  seems  to  be  the 
more  important  as  the  influence  of  water  in  deter- 
mining system  of  brewing  is  beyond  all  question,  and  it 
is  by  ignoring  this  that  so  many  yomig  and  inex- 
perienced brewers  get  into  serious  difficulty ; I have 
seen,  indeed,  many  old-established  firms  drift  into 
hopeless  muddles  on  accomit  of  a prized  weU-water 
mysteriously  becoming  impregnated  with  nitrates, 
while,  at  the  same  time,  within  ready  reach,  there  has 
existed  a pure  river  or  company  supply  that  they  have 
not  attempted  to  use,  in  face  of  the  absm’d  old-fashioned 
antipathy  to  waters  of  this  kind. 

In  coming  to  malt  and  raw  grain  analysis,  there  is 
this  difference  between  them  ; as  regards  raw  grain, 
the  important  point  to  determme  is  the  quantity  of 
starch  that  a certain  weight  is  capable  of  yielding ; 
while,  in  reference  to  malt,  it  is  a question  entirely  of 
perfect  and  healthy  growth,  and  the  absence  of  mildew 
and  excess  of  acidity.  The  starch  percentage  in  a raw 
grain  is  determined  by  an  ordinary  saccharification 
process,  usmg  acid  to  induce  hydration,  the  resulting 
sugar  being  determined  by  “ Fehling  solution,”  calcu- 
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lating  such  result  back  into  corresponding  starch,  I 
am  of  opinion  myself  that  the  estimation  of  albuminous 
matter  in  raw  grain  is  of  no  great  service,  since  it  is 
not  likely  that  in  a mere  infusion  method  of  mashing 
the  crude  azotised  bodies  will  ever  be  sufficiently  pep- 
tonised  to  act  as  yeast  aliment ; while  as  this  term 
“ peptonise  ” may  be  frequently  used,  it  may  not  be  out 
of  place  to  explain  at  the  outset  what  it  reaUy  means. 

Practically  expressed,  a peptone  is  a digested  form  of 
otherwise  insoluble  albumen,  a pam-peptone,  a more 
completely  soluble  and  digested  variety  of  the  same 
matter.  This  digestion  proceeds  mider  various  in- 
fluences, such  as  that  of  the  gastric  juice,  which  con- 
verts albumen,  fibrin,  casein,  legmnin,  and  gluten  into 
as  many  different  peptones.  Again,  the  diastatic  albu- 
minoids of  malt  undoubtedly  lead  to  the  same  result  by 
acting  on  the  albumens,  modified,  to  a certain  extent, 
during  malting ; this  activity  of  diastatic  bodies  being, 
no  doubt,  promoted  by  variations  in  temperature  of 
mash  and  the  prolonged  stewing  of  wort  obtained 
therefrom. 

If  crude  albuminous  matter  submit  itself  to  this  kind 
of  digestion  process,  it  is  evident  that  the  power  of  low 
diastatic  varieties  of  malt  must  be  coaxed  by  extreme 
dm-ation  of  action,  and  strict  attention  to  such  m- 
fluences  as  temperature,  motion,  and  pressm’e,  while, 
if  raw  grain  be  used,  the  greater  the  necessity  that 
the  malt  employed  in  conjunction  with  it  is  highly 
diastatic. 

The  fatality  that  so  many  brewers  suffer  from  is 
simply  the  use  of  material  of  such  imperfect  growth 
that  it  seems  incapable  of  peptonising  its  own  albu- 
minoids that  happen  to  be  soluble ; and,  in  analysing 
malt  therefore,  the  main  point  is  the  extent  of  diastatic 
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energy,  wliicli  varies  witli  tlie  original  percentage  of 
albumen  and  the  perfection  of  vegetation  which  has  led 
to  its  modification.  This  determination  of  diastatic 
capacity  is  easily  accomplished  by  operating  with  a 
weighed  portion  of  the  malt  we  are  experimenting 
with,  upon  a standard  quantity  of  some  starchy  body 
for  a definite  period  (ten  or  fifteen  minutes),  finally 
estimating  the  quantity  of  sugar  that  has  been  formed 
imder  its  influence.  Each  analyst  fixes  a standard  for 
himself  by  working  with  the  very  finest  malt  he  can 
procure,  comparing  afterwards  all  succeeding  results 
with  the  standard  so  arrived  at. 

As  a general  rule,  I may  say  that  the  malt  possessed 
of  high  power  in  this  direction  is  free  from  such  faults 
as  excessive  percentage  of  sinking  corns  and  low  ex- 
tract, although  if  thin  foreign  barley  malts  are  being 
experimented  with,  the  connection  between  high  dias- 
tatic power  and  tempting  extract  percentage  does  not 
hold  good.  One  of  the  chief  points  to  look  after  is  the 
moisture  constituent.  We  all  know,  I suppose,  how 
rapidly  malt  absorbs  moisture,  and,  unfortunately,  such 
absorption  sets  in  motion  a train  of  evils  that  I have 
previously  described,  as  corresponding  to  a degradation 
of  albuminous  bodies,  with  increased  catalytic  forma- 
tion of  lactic  acid,  and  a seemmg  incapability  of  the 
abnormal  albumens  to  act  in  any  sense  as  healthy 
nutriment  of  yeast.  This  is  just  where  analysis  stops 
short,  and  where  biological  knowledge  stands  us  in  good 
stead.  We  find  by  analysis  that  a malt  is  capable  of 
yielding  a large  extract ; that  55  per  cent,  of  the 
nitrogen  compounds  are  soluble,  that  the  sample  con- 
tains no  abnormal  percentage  of  unmalted  grain,  and 
we  might  consequently  conclude  that  it  was  in  every 
way  a satisfactory  specimen.  Tested  by  a method  that 
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will  follow  in  next  section,  it  will  be  seen  that  a malt 
may  pass  through  the  ordeal  of  analytical  examination, 
and  yet  be  incapable  of  giving  a mash  that  will  remain 
moderately  sterile  for  a single  day ; in  other  words,  the 
miniature  mash,  with  its  supernatant  layer  of  bright 
wort,  will  become  cloudy,  gas  will  escape,  and  the  pre- 
liminary signs  of  putrefaction  will  at  once  set  in. 
Why  ? Simply  because  moisture  has  been  absorbed, 
the  otherwise  inert  nitrogenous  bodies  have  been  set  in 
motion,  and  we  have  a specimen  of  malt  perfectly  good 
and  sound,  to  begin  with,  that  is  now  alone  capable  of 
yielding  a grey  wort,  and  a beer  swarming  with  small 
cells,  that  remain  persistently  in  suspension,  giving  it  a 
cloudy  appearance ; and  yet,  in  face  of  this  fact,  it  has 
been  asserted  that  slack  malt  could  be  cured  by  re- 
drying. I confess  myself  that  I never  heard  of  diseased 
matter  being  rendered  healthy  by  cooking,  and  yet  that 
is  what  such  a statement  means. 

To  give  some  idea  of  the  figures  obtained  in  ana- 


lysis,  I append  the  actual 

results  arrived 

at  when 

operating  upon  two  samples- 

—No.  1 a good. 

No. 

2 a 

bad  malt : — 

No.  1. 

No.  2. 

Extract  per  .336  lbs. 

. 88-00%  . . 

77 -7 

% 

Acidity  .... 

. -18%  . . 

•35 

% 

Moisture  .... 

. 2-20%  . . 

4-20 

% 

Soluble  Albumen 

. 4-30%  . . 

3-20 

% 

Insoluble  ,,  . . 

. 3-.d0%  . . 

5-10 

% 

Diastatic  Capacity  (Standard  100)  OS'OO  % . . 

72-00 

% 

Sinking  Corns 

. nil.  . . 

18 

% 

The  acidity  is  determined  m a cold  mash  by  means 
of  normal  * alkali,  the  moisture  by  drying  a weighed 
portion  on  watch-glass  in  water-oven,  till  the  sample 
ceases  to  lose  weight,  the  soluble  albumen  by  the 
soda-lime  process  dealing  with  a portion  of  the  mash 


* “ /^ccinormal.” 
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wort,  the  insoluble  albumen  by  difference,  and  the 
sinkers  by  throwing  100  corns  into  cold  water,  exa- 
mining the  sinking  percentage  as  to  extent  of  growth. 
This  is  a very  old-fashioned  method,  much  to  be  com- 
mended, the  more  especially  as  maltsters  don’t  like  it 
at  all.  I have  heard  that  a practical  plan  has  been 
devised  for  separating  the  sinking  corn  on  a large 
scale  from  samples  of  malt,  and  if  this  can  be  done 
without  injury  to  the  floating  portion,  it  carniot  but  be 
successful,  for  English  brewers  have  neither  the  plant 
nor  the  experience  to  enable  them  to  cope  successfully 
with  material  called  malt,  but  which  contains,  in 
reality,  some  15  to  20  per  centv  of  actual  raw  grain. 

There  are  two  other  points  respecting  malt-analysis 
that  are  worthy  of  mention.  It  does  the  student 
good  to  determine  the  ash  percentage  and  the  pro- 
portion of  phosphoric  acid  in  the  ash,  since  that 
will  tell  him  pretty  clearly  why  sugars  'and  some 
varieties  of  raw  gram  so  upset  regularity  of  ferment- 
ation ; in  other  words,  let  him  compare  the  ash  of 
yeast  and  the  ash  of  malt,  and  he  will  then  see  why 
an  entire  malt  brewing  spells  good  yeast  and  why 
the  introduction  of  mere  starch  or  sugar-yielding 
substances  seriously  interferes  with  its  development. 
Lastly,  it  should  be  apparent  to  the  analyst  that 
good  malt  is  one  simply  requiring  the  mash-tun 
process,  since,  if  the  wort  obtained  renders  prolonged 
stewing  necessary,  m order  to  complete  at  the  high 
temperatm-e  what  the  maltster  should  have  accom- 
plished at  the  low,  the  fatality  is  that  while  keeping 
up  the  energy  of  the  diastatic  constituent,  we  are 
seriously  diminishing  that  most  important  dextrin 
percentage  that  is  so  marked  a feature  in  the  case  of 
beers  produced  from  good  material. 
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In  coming  to  the  different  varieties  of  sugars,  I 
may  thus  review  them  analytically : — The  value  of 
raw  sugars  as  brewing  material,  turns  upon  two 
simple  experiments : the  determination  of  the  per- 
centage of  crystallisable  sugar  by  means  of  the  polari- 
scope— I think  all  information  on  this  point  is  to  be 
found  in  Landolt’s  work  — (see  footnote) — and  a 
microscopical  examination,  in  order  to  prove  the 
absence  of  developed  ferments.  I need  not  here  go 
into  the  question  of  whether  the  use  of  such  mifer- 
mentable  sugar  is  advisable  in  brewing,  but  can  at 
once  consider  the  class  passing  under  the  names  of 
saccharums  and  invert  sugars.  These  are  specimens 
of  inverted  cane  sugars,  and  it  is  sufficiently  easy 
to  explain  their  analytical  variation.  If  we  deal 
with  refined  cane  sugar,  and  use  for  its  hydration 
pure  sulphuric,  tartaric,  or  phosphoric  acids,  which 
happen  to  form  insoluble  lime  salts,  we  naturally 
arrive  at  perfectly  pure  invert  sugar  and  equally 
pure  sulphate,  tartrate,  or  phosphate  of  lime,  if  we 
employ  selected  hme  to  neutralise  the  acid.  A 
manufacturer  of  invert  sugar  is  differently  placed. 
He  cannot  afford  to  employ,  in  the  first  instance, 
refined  sugar,  so  has  to  content  himself  with  low- 
class  varieties,  and  even  then  he  has  to  separate  as 
a refiner  10  or  15  per  cent,  of  the  more  crystal- 
lisable sugars  before  dealing  with  the  remainder  as 
a basis  for  the  brewer’s  *‘mvert”  or  saccharum, 
and  thus  we  find  considerable  difference  between  these 
invert  sugars,  due  to  the  class  of  raw  material 
primarily  acted  upon,  the  percentage  of  crystals 
separated  for  the  refiner,  the  care  expended  in  the 

“ Landolt  on  The  Polariscope.”  Translated  by  Robb  and 
Veley.  Macmillan  & Co.,  Bedford  Street,  London,  W.C. 
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direction  of  charcoal  filtration  to  remove  the  last  Charcoal  aitra- 

tion. 

traces  of  insoluhle  lime  salts,  and  the  original  alhu- 
minous  impurities  of  the  raw  material,  that  have 
been  in  no  way  improved  by  the  action  of  acid  at  a 
high  temperature. 

Thus,  when  analysing  these  sugars,  we  make  a 
point  of  determming  the  extent  of  inversion  accom- 
phshed,  and  freedom  from  albuminous  matter  and 

ash,  for  it  will  be  seen  that  the  chief  difference 
between  the  saccharums  and  invert  sugars  in  the  Dyteimination 
market  is  exemplified  by  variation  in  these  respects, 
and  how  very  difficult  .it  is  for  the  manufacturers  to 
successfully  invert  common  material  from  which  they 
remove  large  percentages  of  the  better  crystals.  It 
does  not  do  for  me  to  exhibit  the  least  bias,  but  the 

“ No.  1 ” of  Messrs.  Garton  and  the  “ No.  1 ” of  Messrs.  Gartou 

Messrs.  Bostock  are  certainly  equally  good.  I confess  saccharum.«. 

I do  not  quite  understand  the  actual  meaning  of  the 
flowery  descriptions  sheltered  under  the  prefixes  Lievo 
and  Dextro,  although,  as  is  well  known,  saccharose, 
when  hydrated  by  inversive  ferment  or  acid,  sphts  up 
into  equal  proportions  of  Dextrose  and  Lsevulose.  I 
recognise,  of  course,  a right-handed  as  distinct  from 
a left-handed  sugar ; but,  from  a brewing  point  of 
view,  I do  not  suppose  there  is  very  much  to  inves- 
tigate, and  in  dealing  with  these  mystical  bodies  we 
shall  much  simphfy  the  analysis  if  we  acidulate  a 
weighed  portion  and  boil  for  five  minutes  before 
settling  down  to  the  actual  determination  of  the 
sugar. 

Some  makers  have  devised  the  very  happy  notion 
of  intermixing  a percentage  of  invert  sugar  with  their  Tiie  preseneo  oc 
starch  saccharines,  this  fulfilling  a double  purpose — it  <Jiy  saceharii:^ 
baffles  the  analyst,  and  takes  away  from  the  other- 
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wise  entire  starch-saccharine  its  tendency  to  produce  a 
distinct  dryness  of  flavour. 

Coming  to  the  analysis  of  saccharines,  it  seems  to 
me  that  the  chief  points  to  be  determined  are  the 
sugar  and  dextrine,  the  quantity  of  extract  of  useful 
type  that  each  cwt.  is  capable  of  yielding,  and  the 
perfection  of  charcoal  filtration  that  has  left  them 
free  from  any  objectionable  albuminous  and  excessive 
ash-percentages,  since  it  unfortunately  happens  that 
the  ash  of  a saccharine  is  by  no  means  that  of  the 
grain  intact,  but  is  chiefly  composed  of  lime  salt, 
formed  in  the  process,  that  has  not  been  successfully 
removed. 

The  sugar  and  dextrin  percentages  are  determined 
by  the  combined  use  of  the  polariscope  and  Fehhng 
solution,  the  dextrin  being  converted  into  sugar  by 
the  acid  process,  the  albuminous  matter  estimated  by 
the  soda-lime  method,  the  ash  by  burning  off  a 
portion  of  the  sample,  and  the  moisture  by  dis- 
solving a known  weight  of  the  substance  in  a certain 
bulk  of  water,  say,  10  grammes  to  100  cubic  centi- 
metres, then  testing  its  specific  gravity.  The  dextrin 
percentage  is  a somewhat  important  one,  for  although 
I do  not  suppose  for  a moment  it  is  anything  more 
than  merely  isomeric  (identical  composition,  differmg 
properties)  with  the  dextrin  of  malt,  yet  it  would 
certainly  exist  in  beer  as  a constituent,  increasmg  the 
palate  fuhiess. 

The  Continental  and  American  saccharines,  manu- 
factured as  they  are  from  pure  extracted  starch,  are 
far  superior,  analytically,  to  specimens  made  direct 
from  a starch -yielding  body,  since  they  are  almost 
free  of  necessity  from  the  albuminous  and  inert  con- 
stituents, which  figure  somewhat  largely  in  other 
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forms  of  saccharine.  The  colour  is  mainly  a questioii 
of  filtration,  but  diminution  in  this  respect  rims  hand 
in  hand  with  corresponding  freedom  from  excessive 
ash  and  nitrogenous  matter,  and  although  I am  far 
from  saying  that  the  dark  and  ill-flavoured  qualities 
may  not  answer  for  black  and  common  running  beers, 
purity  from  the  analytical  point  of  view  is  more  exem- 
phfied  in  those  perfectly  white  specimens  that  are 
imported  into  England.  Quite  latterly,  it  is  only  fair 
to  say,  that  a point  has  been  made  by  Mr.  Hooper  in 
his  book  on  Brewing  in  favour  of  inert  bodies  as 
constituents  determining  much  of  the  palate  fulness 
of  beer,  as  opposed  to  the  older  view,  that  such  cha- 
racter depended  specially  upon  azotised  matter  and 
dextrin.  I expect,  myself,  that  fulness  depends  more 
upon  the  particular  combination  of  several  bodies 
than  upon  any  special  constituent ; but  as  inferior 
malts  yield  excessive  percentages  of  inert  matter,  and 
as  saccharines  are  principally  employed  to  purify 
malt  extract,  it  seems  to  me  that  it  is  preferable  to 
use  those  consisting  of  fermentable  matter  and  dextrin 
alone. 

The  so-called  dextrin-maltose  of  Valentin  and 
O’Sullivan,  isomeric,  undoubtedly,  with  the  dextrin 
and  maltose  of  malt-wort  in  chemical  composition,  is 
a capital  laboratory  specimen  of  what  I mean  by  this 
statement.  It  can  be  used  with  perfect  success  so 
long  as  the  people  employing  it  rank  it  as  a saccharine, 
and  keep  clear  of  the  supposition  that  it  is  actually 
artificial  malt  extract. 

Altogether,  in  a strictly  analytical  sense,  there  is  a 
fair  field  for  capital,  energy,  and  knowledge  in  the 
manufacture  of  English  saccharines  to  compete  with 
Continental  and  American  brands.  I object  myself  to 
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monopolies,  and  tlie  guarantee  of  extract,  amomiting  to 
87’5  to  88’5  per  cwt.,  is  a decided  step  in  tlie  riglit 
direction,  for  in  most  cases  the  higher  the  extract  yield 
the  lower  the  percentage  of  impurities.  It  is  analytical 
energy  and  discrimination  that  has  led  to  this  result — 
stirring  up,  as  I may  say,  competition  in  directions 
where  monopoly  had  created  carelessness. 

The  analyst  frequently  has  to  deal  with  concen- 
trated syrups,  prepared  from  raw  grain  under  diastatic 
influences.  He  submits  them  to  analysis  exactly  as  he 
would  do  a wort,  and  is  only  surprised  to  find  that 
firms  still  persist  in  bottling  up  fermentable  mixtures 
without  regard  to  length  of  transit  or  conditions  of 
storage  to  which  such  syrups  are  exposed.  Used  direct, 
they  simply  comport  themselves  as  a raw  grain  wort ; 
stored,  they  frequently  enter  into  so-called  spontaneous 
fermentation,  and  if  afterwards  used  occasion  mi- 
pleasant  upsets.. 

I next  come  to  the  case  of  so-called  brewing 
materials,  such  as  that  of  Messrs.  Beanes’  gelatinised 
rice,  and  what  the  laboratory  student  has  to  determine 
is  whether  these  materials  do  convert  readily  in  the 
presence  of  diatase,  without  preparatory  gelatinisation 
in  distinct  vessels.  I am  quite  aware  that  there  is  a 
vast  difference  between  the  operations  of  a brewer,  the 
intensity  of  diastatic  influence  in  his  mash-tmi,  and  the 
corresponding  manipulation  of  a chemist  in  a laboratory 
beaker ; but,  at  the  same  time,  I hold  that  if  I come 
across  a material  that  brews  well  in  a miniature  mash 
— experiment  without  preparatory  treatment,  it  is 
preferable  to  another  that  does  not,  and  very  consider- 
able difference  will  be  found  in  this  respect  between 
the  varied  materials  offered. 

With  reference  to  the  case  of  worts,  it  will  be  remem- 
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bered  that  I specially  divided  them  into  three  distinct 
classes : the  raw  worts  from  mash-tun,  the  same  after 
boiling,  and  lastly,  the  wort  gathered ; and  I did  so  for 
this  reason,  that  careful  analysis  made  of  worts  so  col- 
lected will  give  the  student  a very  important  insight 
into  the  influence  of  his  boiling  and  cooling  arrange- 
ments. Let  me  explain  this.  The  strong  wort  from 
the  first  mash  has  a totally  difl'erent  composition  to 
that  of  the  weaker  runnings,  in  reference  to  the  per- 
centage of  malt-sugar  dextrin  and  inert  matters ; and 
yet  the  analytical  composition  of  the  gathered  wort 
corresponds  very  closely  with  the  character  of  the 
strong  runnings,  this  being  explained  very  easily  if  we 
keep  in  mind  that  during  the  collecting  process  of  the 
brewer  diastase  is  constantly  kept  in  a state  of  activity, 
so  that  while  the  intermixture  of  weaker  wort  with  its 
lesser  fermentable  matter  is  tending  to  diminish  the 
maltose  percentage  in  mixed  hulk,  the  activity  of  the 
fliastatic  albuminoids  is  incessantly  exemplified  in  a 
contrary  direction.  Again,  wort  running  from  the 
mash- tun  contains  a certain  percentage  of  nitrogenous 
matters — some  varieties  being  precipitated  by  ordinary 
ebullition  heat,  and  others  thrown  out  of  solution  by 
oxidation,  as  brought  about  by  aeration — so  that  a 
complete  investigation  of  the  actual  azotised  proportion 
in  the  gathered  wort  is  a matter  of  the  most  extreme 
importance,  since  if  it  sinks  as  low  as  6 per  cent,  on 
dry  extract  of  the  blended  bulk,  then  we  shall  begin  to 
experience  difficulties  during  fermentation  in  reference 
to  yeast  reproduction,  and  consequent  vigour  of  action. 

Let  the  student  determine  first,  then,  whether  the 
strong  wort,  as  obtained  from  his  malt,  is  sufficiently 
rich  in  albuminoids,  and  then,  after  boiling,  let  him 
ascertain  once  more  whether,  with  the  removal  of  the 


The  analysis  of 
worts. 


Variation  in 
composition. 


The  prolonged 
action  of  dias- 
tase. 


Deficient  per- 
centages of  al- 
bumen. 


The  importance 
of  tliis  deter- 
mination. 


102 


THE  THEORY  AND  PRACTICE  OF 


Tlio  aim  of 
analysis. 


Method  of 
analysis. 


Example  of 
results. 


coagulable  varieties,  liis  cooler  wort  is  still  left  suf- 
ficiently rich  in  those  likely  to  comport  themselves  as 
peptones ; if  not,  let  him  see  if  some  slight  alteration 
in  length  boiled,  extent  of  evaporation,  or  mechanical 
fixture  of  dome  or  fountain,  suffice  to  give  results  more 
in  accordance  with  requirement ; if  not,  he  may  at 
once  know  that  the  malt  in  use  is  in  itself  faulty,  or 
that  his  mashing  system  requires  reorganisation,  while 
he  may  be  absolutely  certain  that  the  introduction  of 
sugar  uito  such  a wort  can  but  still  further  diminish 
the  iiroportion  of  those  bodies  that  are  so  important  in 
one  special  sense. 

Analysis,  to  be  of  any  service,  must  have  some  dis- 
tinct practical  aim.  It  is  never  more  useful  than  when 
investigating  a question  of  this  nature. 

The  method  of  wort-analysis  is  very  similar  to  that  of 
a raw  grain,  malt,  or  saccharine.  A known  quantity  of 
the  wort  is  taken  diluted,  and  the  maltose,  dextrin, 
and  albuminous  constituents  determined  by  the  usual 
methods  ; while  if  the  wort  contains  added  saccharine, 
the  polariscope  is  brought  into  play,  so  that  the 
analyst  may  determine  the  proportional  intermixture. 
The  variation  in  percentage  composition  of  different 
worts  is  very  great,  good  malts  yielding  high  propor- 
tions of  albumen  and  dextrin,  while  those  fi’om  poor 
malt  are  characterised  by  the  extreme  lowness  of  both  ; 
and  just  for  comparison  I give  two  examples,  the  figures 
being  very  strildng. 

Initial  heat  150° : mash  standing  in  each  case  hours. 


No.  1 

Good  Malt  Wort. 

No.  2 

Inferior  Malt  Wort. 

Maltose 

65  0 . 

. 72-7 

Dextrine 

17-5  . 

. 9-5 

Albuminous  Matter  . 

8-7  . 

. 5-4 

Inert  Garbo  - hydrate 
INIatter 

s-s  . 

. 12-4 

100  0 


100-0 
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The  curious  point  is  that  with  inferior  malts  we 
ahvays  obtain  worts  with  high  maltose  and  inert  carbo- 
hydrate percentages,  while  being  at  the  same  time 
deficient  in  dextrin  and  albuminous  bodies.  Practice 
in  such  analysis  is  most  essential,  and  even  the  much- 
dreaded  soda-lime  process  for  the  determination  of 
nitrogen  becomes  sufficiently  easy  when  the  operator 
employs  an  iron  combustion-tube. 

The  analysis  of  finished  beer  is  an  equally  important 
matter,  since  in  many  cases  it  enables  us  to  pick  out 
faults,  and  glean  some  knowledge  of  the  proceedings  of 
brewers  more  fortunate  than  ourselves,  and,  at  any 
rate,  we  are  able  to  ascertain  the  gravity  at  which  they 
produce  beers  of  distinct'  brand.  Speaking  of  gravity 
leads  one  to  refer  to  the  method  which  the  Excise 
authorities  adopt  for  checking  charges  made  by  their 
officers.  If  there  be  any  discrepancy  between  the  de- 
clared gravity  of  worts  and  the  weight  as  taken  by 
the  officer,  and  the  brewer  protest  against  the  excess 
charge,  the  custom  is  to  wait  until  fermentation  is 
finished.  The  officer  then  collects  samples  in  the  pre- 
sence of  the  brewer,  puts  in  some  antiseptic,  and  for- 
wards the  specimens  to  Somerset  House,  where,  I 
presume,  an  original  gravity  determination  is  made. 
There  are  so  many  sources  of  error  in  the  process  that 
it  is  not  to  be  wondered  at  that  brewers  are  somewhat 
sceptical  as  to  the  fairness  of  checkmg  an  Excise 
officer’s  gravity  by  determining  the  original  weight  of 
the  beer  by  such  a method  ; but  as  the  usual  errors  are 
in  favour  of  the  brewer,  excepting  the  one  that  allow^s 
for  any  excess  of  acid  over  the  1-lOth  per  cent,  as  if 
it  resulted  from  the  oxidation  of  alcohol,  there  is  not, 
perhaps,  very  much  ground  for  the  scepticism  spoken 
of ; while  the  process  itself,  which  consists  m deter- 
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mining  tlie  quantity  of  alcohol  present,  converting  this 
into  its  corresponding  extract  gravity,  and  adding  this 
to  the  unattenuated  matter,  is  so  useful  that  every 
student  of  brewing  should  render  himself  familiar 
with  it. 

There  are  several  methods  for  determining  original 
gravity,  the  one  just  mentioned  being  perhaps  the  best. 
The  others  are,  first  that  mentioned  by  Eoberts  in  his 
book  on  Brewing,  which  depends  upon  weighing  a 
sample  of  the  beer  with  and  without  its  alcoholic  con- 
stituent, since  readers  will,  no  doubt,  remember  that 
the  gravity  of  an  attenuated  beer  is  apparent,  and  not 
real ; in  other  words,  the  alcohol  it  contains  being 
lighter  than  water,  hides  a portion,  and  no  small  por- 
tion either,  of  the  extract.  Li  the  case  of  an  ordinary 
mild  beer  the  increase  in  standing  gravity  by  driving  oft’ 
the  spirit  vrill  be  as  much  as  eight  or  nine  degrees,  and 
this  difference  in  gravity  so  ascertained  is  the  so-called 
spirit  indicator  in  this  method  of  Roberts.  Secondly, 
we  have  a method  based  upon  an  accurate  deter- 
mination of  the  temperature  at  which  the  alcohohc 
fluid  boils,  this,  of  course,  being  influenced  by  its 
spirituous  constituent. 

I have  often  been  asked  whether  samples  for  analysis 
should  be  filtered  or  no,  and  I have  no  hesitation  in 
replying  in  the  affirmative,  since  filtration  removes  sus- 
pended particles  of  yeast  without  in  any  sense  altering 
the  gravity,  at  the  same  time  efficiently  flattening  it. 
It  may  astonish  many  to  know  that  the  scale  weight  of 
the  filtered  is,  if  an;fthing,  slightly  more  than  the 
weight  of  the  unfiltered  beer,  for  the  simple  reason 
that  the  suspended  particles  causing  turbidity  displace 
more  than  their  own  weight  of  wort,  so  that  in  every 
case  when  we  are  determming  specific  gravity  by 
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means  of  tlie  bottle,  it  is  necessary  to  carefully  filter 
the  sample,  or  the  indication  may  be  deceptive. 

Before  determining  the  composition  of  the  unat-  ™ 

tenuated  extract,  it  is  necessary  to  remove  the  yeasty 
and  modified  albuminous  matters  which  interfere  with 
the  Fehling  reaction  for  maltose,  this  being  done  by  the 
use  of  special  subacetate  of  lead  solution. 

The  albuminous  matter  is  determined  by  the  soda-  .nbumen  esti- 

mation. 

lime  process  in  iron  tube. 

In  these  days  of  antiseptics  and  preservatives,  it  is  -Vntiseptics. 
essential  to  test  for  them  somewhat  carefully,  and  if 
we  Imow  the  quantity  and  composition  of  an  ordmary 
ash  of  beer,  it  is  not  difficult  to  determine  when  any 
foreign  substances  have  been  employed.  After  all  is 
said,  however,  the  mere  chemical  analysis  of  beer  fails 
to  tell  us  anything  concerning  its  stability  ; in  other 
words,  a beer  may  analyse  out  sufficiently  well  and  yet 
be  on  the  point  of  acetification ; but  in  the  system  for 
forcing  on  a secondary  fermentation  under  stated  con-  Biological  ex- 

° _ . periment. 

ditions,  as  described  in  the  next  section,  we  have  a 
ready  means  of  determining  the  actual  state  of  the 
nitrogenous  portion  of  remaining  extract,  a more  ad- 
vanced step  in  the  analysis  of  beer  than  would  have 
been  thought  possible  a few  years  ago. 

So  far,  I have  touched  upon  steps  in  organic  analysis 
that  certainly  ought  to  be  mastered  by  those  having 
anything  to  do  with  operations  on  a large  scale  at  the 
present  time  ; and  it  remains  for  me  now  to  make  brief 
reference  to  the  necessity  that  exists  for  brewers  making 
themselves  acquainted  with  such  ordinary  inorganic  inorgimic 

^ c?  analysis. 

analysis  as  is  practised  in  determining  the  value  of 
specimens  of  pure  carbonates  of  potash  and  soda  em- 
ployed for  water  softening,  the  composition  of  the 
endless  neutralising  agents  sold,  and  those  many  com- 
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binations  of  sulphites  that  are  palmed  off  upon  brewers 
under  high-sounding  titles.  This  latter  knowledge, 
above  all  the  iodine  method  for  the  determination  of 
sulphurous  acid,  will  be  fully  described  in  the  coming 
“ Laboratory  Text-Book,”  and  I am  convinced  that 
much  practical  benefit  will  result,  when  the  young 
generation  of  brewers  make  themselves  masters  of  all 
the  many  processes  sketched  strictly  from  a brewer’s 
point  of  view  that  will  appear  in  that  much-needed 
volume. 

I am  quite  aware  that  a laboratory  ought  to  be 
entirely  distinct  from  a brewery,  that  miniatm'e  opera- 
tions must  not  tempt  us  too  often  to  imitation  on  a 
large  scale ; that  chemicals  in  any  shape  or  form  are 
best  away  from  the  brewery,  and  absent  as  constituents 
of  our  beer  ; but,  at  the  same  time,  as  brewing  in  itseff 
is  a strictly  chemical  process,  there  is  every  reason  for 
those  connected  with  the  management  of  operations 
gaining  a very  liberal  msight  mto  all  the  circumstances 
that  are  directly  or  indirectly  in  connection  with  it,  and 
there  is  no  doubt  that  a well-grounded  analytical  luiow- 
ledge  of  the  composition  of  materials,  worts,  and  beers 
will  prove  of  the  greatest  service  to  the  operator,  and 
invariably  tend  to  the  improvement  of  the  produce  he 
is  responsible  for. 

Li  coming  to  biology  in  its  connection  with  beer,  or 
more  strictly  speaking  in  connection  with  brewing  as  a 
whole,  I am  touching  upon  a subject  that  almost  anti- 
cipates that  of  fermentation  generally,  but  as  it  is  a 
complex  one,  and  will  certainly  bear  a good  deal  of 
repetition,  it  is  only  my  object  in  this  chapter  to  dwell 
lightly  upon  some  of  its  more  salient  features  and  upon 
that  practical  exemplification  of  it  which  is  in  strict 
accord  with  ordinary  laboratory  work,  leaving  the  full 


MODERN  BREWING. 


107 


explanation  of  the  theory  of  the  subject  until  I come  to 
discuss  fermentation  generally.  It  is,  I may  almost 
say,  a complete  novelty  for  brewers  to  be  told  that  the} 
have  to  deal  with  animal  and  vegetable  life,  that  their  in 

wort  and  beer  contains  nutritive  matter  for  types  of 
cellular  organisms  the  germs  of  which  exist  all  around 
us,  very  unequally  spread  without  doubt,  hut  still  pre- 
sent, that  the  difference  between  a sound  and  unsound 
beer  chiefly  depends  upon  variations  in  condition  of  the 
constituents  of  beer,  mamly,  if  not  entirely,  to  varia- 
tions in  actual  state  of  nitrogen  compounds,  and  that  Caus^ofjarm- 
the  chief  reason  for  the  gradually  increasing  use  of  anti- 
septics and  preservatives  corresponds  exactly  with  the 
increasing  production  of  weaker  beers,  containing,  as 
such  beers  do,  inferior  extract  and  lesser  alcohol,  and 
the  bad  quality  of  malt  that  has  been  characteristic  of 
recent  seasons. 

Now,  what  does  all  this  mean  ? Simply  this,  that 
beer  has  its  possible  diseases ; that  the  old-fashioned  Disease  of  beer, 
college  ales  were  free  from  them,  not  only  because 
material  was  better,  but  that  such  beers  were  highly 
alcoholic  ; that,  do  Avhat  we  will,  abhor  chemicals,  sul-  Nece&sity  for 
phites,  salicylic  acid,  and  all  the  rest  of  them,  just  as  septies. 
we  may,  we  are  still  bound  to  employ  them  if  a combi- 
nation of  circumstances  such  as  inferior  malt,  or  at 
any  rate  inferior  as  compared  with  the  malts  of  by- 
gone years,  mildewed  hops,  low  gravities  necessitated 
by  increased  competition,  and  trying  sultry  weather 
determine  a certain  changeable  condition  of  wort  or 
beer. 

Liebig  was  very  fond  of  saying  that,  according  to  the  Liebigs  view, 
condition  of  albuminous  matter,  so  we  had  the  forma- 
tion of  lactic  acid,  starch  hydration,  vinous  fermentation, 
acetous  fermentation,  or  absolute  putrefaction,  but  at 
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the  present  time  we  have  advanced  far  beyond  this,  and 
know  as  an  absolute  fact  that  just  according  to  the 
state  of  the  azotised  constituents  of  malt,  and  the 
resulting  peptonic  plasma  in  wort,  so  will  be  the  ten- 
dency of  that  wort  in  the  direction  of  normal  vinous 
fermentation,  or  abnormal  development  of  viscous  lactic 
acid,  or  putrid  ferments.  This  is  so  entirely  beyond 
dispute,  so  easily  proved,  so  useful  a point  of  knowledge, 
that  I may  describe  the  connection  of  biology  with 
brewing  as  of  the  greatest  interest  and  importance. 
All  the  intricate  proofs — all  the  necessary  explanations 
— will  naturally  come  in  their  proper  place,  since  biology 
constitutes  the  groundwork  of  fermentation  ; but  as  the 
laboratory  is  the  true  position  for  the  forcing  tray,  and 
as  by  its  indirect  aid  we  determine  quality  of  malt, 
stability  of  beer,  and  comparative  value  of  different 
antiseptic  agents,  I prefer  to  describe  here  the  practical 
manipulation  necessary. 

If  my  readers  will  refer  to  illustrations  they  will  see 
a detailed  arrangement  of  such  a tray — what  are  termed 
forcing  trays — each  tray  constructed  of  copper,  properly 
supported  and  containing  water,  which  is  kept  at  a 
suitable  temperature  by  a single  gas  jet,  as  shown  in 
sketch.  On  the  top  tray  (A)  we  see,  first,  small  bottles, 
termed  growing  flasks,  the  outlet  end  of  long-bent  neck 
being  closed  with  a plug  of  lightly-inserted  cotton-wool, 
the  inlet  by  an  india-rubber  stopper  ; secondly,  ordinary 
beer  bottles,  standing  in  pockets,  and  connected  by 
means  of  bent-glass  tubing  with  a mercurial  trough,  or 
dipping  simply  into  a small  beaker  of  mercury ; while, 
thirdly,  at  the  right-hand  corner  of  tray  we  note  another 
pocket  arrangement  for  test  tubes,  which,  as  wall  be 
seen,  are  similarly  lightly  plugged  with  cotton-wool. 
On  the  lower  tray  (B)  are  placed  ordinary  forcing  flasks, 
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ranged  in  series  round  a central  reservoir  of  mercury, 
the  outlet  pipe  of  each  flask  being  connected  to  an 
angular  tube,  dipping  into  it,  while  the  next  plate  shows 
us  a front  view  of  the  same  trays  (A  and  B),  with  gas 
arrangement.  Below  and  following  this  we  have  an 
enlarged  representation  of  the  forcing  flasks  and  con- 
nections, indicating  the  way  in  which  the  bent  tube  is 
attached.  On  each  tray  a thermometer  is  placed,  to 
indicate  temperature  ; and  if  a small  flask  of  water  be 
inverted,  with  its  neck  dipping  into  fluid  contents  of 
tray,  we  shall  always  see  by  the  level  of  water  in  flask 
when  our  trays  require  replenishing.  The  usual  forcing  Forcing  tem- 

. ° perature. 

temperature  is  75  ; and  it  is,  of  course,  of  importance 
that  there  should  he  no  variation,  this  being  sufficiently 
easy  to  arrange  if  the  trays  be  enclosed,  the  gas  supply 
regular,  and  if  we  employ  a delicate  Bunsen  burner. 

The  modus  operandi  is  simplicity  itself ; but  the 
manipulation  requires  practice,  and  absolute  cleanliness  Foroingtray 
is  necessary.  I will  explain  two  forcing-tray  uses  : ^ ation. 

first,  the  determination  of  the  character  of  a malt ; 
secondly,  the  stability  of  a beer.  Let  us  take  one  or 
two  large  test  tubes,  of  200  c.c.  capacity,  boil  m them  Testing  stability 
about  100  c.c.  of  distilled  water,  plugging  up  the  ends 
lightly  with  cotton-wool ; on  ebullition  resulting,  the 
steam  blows  through  wool,  practically  sterilizing  it,  and 
the  test  tubes,  with  their  fluid  contents,  are  then  placed 
in  a beaker  of  cold  water,  and  in  a few  minutes  we 
introduce  a tea-spoonful  of  the  crushed  malt  we  are 
experimenting  upon  into  our  tubes,  the  beaker  being 
then  placed  over  gas,  and  the  temperature  of  the  whole 
arrangement  raised  to  150°  or  155°.  We  have,  in  fact, 
in  our  test  tubes  miniature  mashes,  and  by  occasionallv  Miniature  mash 
snaking  up  contents  we  promote  saccharification,  and 
in  the  com’se  of  a couple  of  hours  the  supernatant  wort 
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brightens.  The  tubes  containing  the  mashes  are  now 
cooled  down,  and  placed  in  pockets  of  forcing-trays,  the 
wort  in  each  being  examined  at  the  end  of  every  twelve 
hours.  A good  malt  will  give  a solution  remaining 
absolutely  unaltered  at  the  forcing-tray  temperature  for 
twenty-four  hours,  or,  at  a temperature  of  60°,  for  even 
thirty-six  to  forty-eight  hours,  while  inferior  malts 
comport  themselves  quite  differently. 

I now  come  to  the  question  of  determining  stability 
of  beer,  and  value  of  preservative  agents ; they  are 
processes  that  naturally  run  hand  in  hand.  It  is  not 
usual  to  deal  with  beer  that  is  turbid,  nor  to  filter  a 
beer  to  obtain  it  bright.  In  other  words,  our  object  is 
not  to  discover  the  type  of  ferments  that  have  existed, 
but  those  that  will  come  into  existence  if  we  promote 
secondary  changes.  We  operate,  therefore,  on  beers 
that  have  dropped  spontaneously  bright  in  cask,  col- 
lectuig  them  in  sterilised  vessels,  i.e.,  in  ordinary  open 
beakers,  that  have  been  rinsed  out  with  boiling  water ; 
and  we  draw  the  beer,  not  through  taps  that  are  most 
likely  dirty  and  plugged  up  with  mould,  but  through 
freshly  - bored  peg -holes,  immediately  covermg  down 
beakers  with  glass  plates,  to  keep  out  all  dust  and 
dirt.  In  the  same  way  we  sterilise  everything  used 
in  these  experiments  by  means  of  boiling  water,  or  by 
holding  such  as  can  be  so  treated  in  the  clear  flame 
of  a Bunsen  brnner. 

Extreme  care  and  delicacy  is  necessary  in  fiUing  the 
forcing  flasks  themselves,  since  this  is  accomplished 
under  the  influence  of  suction,  both  sudden  and  strong. 
Each  little  flask  is  taken  and  half  filled  with  distilled 
water,  an  india-rubber  cork  is  inserted  tightly  in  upper 
outlet,  the  small  side  outlet  pipe  being  connected  to  a 
short  50  c.c.  pipette  by  means  of  an  india-rubber  tube. 
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This  arrangement  complete,  the  flask,  clipped  by  a 
proper  holder,  is  placed  over  a clear  Bunsen  flame. 
Ebullition  quickly  results,  while  the  steam  rushes  out 
of  flask  down  india-rubber  connecting  link,  making 
its  exit  through  attached  pipette.  This,  of  course,  is 
effectual  sterilisation,  and,  by  a sudden  tvdst  of  the 
hand,  we  at  once  invert  the  flask,  so  that  the  whole  of 
fluid  contents  are  ejected,  partly  forced  out  by  the 
internal  steam  pressure.  At  this  moment  the  india- 
rubber  connecting  link  is  clipped  tightly  between  finger 
and  thumb,  while  we  plunge  the  free  end  of  pipette 
into  the  beaker  of  beer.  Instantaneous  condensation 
of  steam  in  flask  and  pipette  results,  the  latter  fills 
with  beer,  and  by  employing  the  fingers  as  a clip  on 
tube,  we  can  regulate  to  a nicety  the  entry  of  fluid  into 
flask — sucked  there,  of  course,  under  the  influence  of 
the  vacuum  that  exists.  If  the  beer  be  very  gaseous 
it  is  possible  that  the  small  flask  may  not  be  completely 
filled  ; but  in  this  case  it  iS  only  necessary  to  withdraw 
suction  tube,  utilising  it  as  a fountain  supply  to  the 
flask  itself,  which  speedily  fills,  if  we  slightly  ease 
the  india-rubber  stopper.  When  properly  charged,  we 
again  pinch  the  india-rubber  connecting  hnk,  discon- 
nect it  from  pipette,  and  attach  it  at  once  to  the  slip 
of  glass  tube,  bent  at  right  angles  (as  shown  in  illus- 
tration), which  itself  passes  through  cork,  with  its 
open  end  immersed  in  the  mercury  contained  in  small 
phial. 

Great  care  is,  of  course,  necessary  in  all  this,  since 
after  sterilising  the  forcing  bottle,  and  creating  strong 
suction  by  the  very  means  adopted  for  sterilisation,  we 
must  see  that  we  do  not  allow  air  to  enter  as  well  as 
beer ; but  a very  little  practice  makes  any  one  an  adept 
at  the  manipulation,  when  their  fingers  once  become 
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accustomed  to  the  somewhat  trying  heat  of  the  entire 
’ apparatus  and  connections.  It  is  customary  to  arrange 
the  flasks  in  series  of  four,  each  set  having  its  ovui 
little  mercurial  reservoir,  so  that  we  do  not  place  re- 
liance upon  one  result,  but  Ailing  each  bottle  of  the 
series  with  the  same  beer,  we  eventually  have  fom- 
distinct  deposits  to  examine. 

Placing  the  whole  arrangement  on  forcing  tray,  it  is 
labelled  with  the  number  of  the  brewing  we  are  experi- 
menting upon,  and  the  date  from  which  the  test  com- 
mences ; and  it  is  very  evident  that  our  tray  may  soon 
be  filled  with  samples  of  various  stock-brewings,  of 
which  we  desire  to  know,  what  I may  rightly  describe 
as  their  future  history.  Under  the  influence  of  the 
forcing  temperature  we  distinctly  bring  on  a secondary 
or  tertiary  fermentation,  under  a definite  pressure  and 
out  of  contact  with  air,  any  excess  of  gas  produced 
bubblmg  through  mercury  in  reservoir.  It  sometimes 
happens  that  the  beer  experimented  upon,  being  excep- 
tionally clear,  remains  quiescent  for  a considerable 
period,  and  if  the  forcing  bottles  have  been  placed  on 
tray  somewhat  too  warm  an  actual  vacuum  results  as 
contents  cool  down  to  the  tray  temperature,  and  mer- 
cury is  sucked  back  into  bottles.  I mention  this  since 
any  such  result  not  only  spoils  the  experiment,  but 
exhibits  to  US  the  influence  of  metals  upon  beer ; the 
mercury,  of  course,  being  anything  but  absolutely  pure, 
galvanic  action  takes  place,  the  beer  is  decomposed,  a 
heavy  deposit  is  thrown  down,  and,  if  air  has  been 
sucked  in  as  well  as  mercury,  putrescent  change 
eventually  takes  place. 

Beers,  when  submitted  to  this  severe  test,  soon  ex- 
hibit their  differences  of  constitution  ; the  mild  varieties 
left  at  high  gravities  become  immediately  turbid,  throw 
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clown  a heavy  deposit,  mainly  consisting  of  normal 
yeast  cells,  but  fail  to  resist  for  any  length  of  time  the 
influence  of  high  temperature — in  other  words,  rapid 
acetification  results ; while,  if  the  beers  have  been 
produced  from  inferior  material,  absolute  deterioration 
corresponds  with  the  prelimmary  turbidity — i.e.,  the 
fermentation  forced  on  is  distinctly  misound.  On  the  The  keeping 
pther  hand,  clean  beers — those  produced  with  exces-  brewed 
sively  saline  waters,  or  brewed  upon  definite  lines, 
covering  the  use  of  sugar  as  a partial  malt  substitute, 
fully  attenuated,  and  heavily  hopped,  both  in  copper 
and  cask — comport  themselves  very  differently,  no 
violent  ffet  takes  place,  the  fluid  remains  moderately 
bright,  and  the  small  quantity  of  deposit  that  accumu- 
lates is  almost  of  itself  sufficient  proof  of  the  widely 
differing  composition  of  the  two  classes  of  beer  de- 
scribed. Microscopically,  its  character  is  equally  jn^roscopicai 
marked:  we  see  no  normal  yeast,  but  a mixture  of 
granular  and  elongated  cells,  if  the  deposit  be  pure ; 
but  if  the  beer,  in  spite  of  all  the  different  conditions  of 
production  described,  have  an  misound  tendency,  then 
mixed  with  this  abnormal  physical  appearance  of  vinous 
yeast,  we  shall  see  the  ferments  corresponding  with 
acidity  and  putrefaction  as  pictured  in  the  “ micro- 
scopical aspect  of  a Turned  Beer.”  There  is  no  doubt 
upon  this  point ; in  every  case  the  deposit  is  the  key  to 
the  question  of  stability,  and  personally  I have  never 
known  the  test  to  fail.  True,  you  may  have  many  Forcing  tray, 
beers  that  will  not  bear  a forcing-tray  test,  and  that  yet 
will  remain  sound  in  store  so  long  as  they  are  quiescent 
and  the  temperature  of  the  cellar  is  sufficiently  low,  but 
agitate  them  and  expose  the  cask  or  bottle  to  the  same 
heat  as  exists  on  the  tray,  and  a similar  result  will 
invariably  show  itself. 
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From  this  it  is  easy  to  see  that  the  test,  as  a prac- 
tical one  is  more  applicable  to  stock  beers,  and  those 
intended  for  export  or  lengthy  home-transit  than  for 
the  great  bulk  which  is  consumed  before  it  has  time  to 
“go  off.”  It  may  be  supposed  that  such  a fact  limits 
the  usefulness  of  the  forcing-tray  experiment ; but 
although  mild  running  beers  constitute  the  bulk  of 
the  entire  produce,  still  all  brewers  store  a very  con- 
siderable quantity  of  pale  and  strong  ales,  that  requhe 
age  for  the  development  of  distinctive  flavours,  and  it 
is  certainly  a point  of  great  moment  for  them  to  deter- 
mine if  such  beers  can  be  safely  stored  or  no. 

It  is  but  another  step  to  test  the  respective  value  of 
different  preservatives,  since  we  can  treat  a beer  of 
known  want  of  stability  with  definite  quantities  of 
calcic  bi  and  mono  sulphites,  sanitas,  hydro-sulphite, 
Beanes’  No.  2,  Gillman  and  Spencer’s  C.  and  D.,  and 
salicylic  acid.  Place  a series  of  each  on  forcing-trays 
and  make  careful  examination  of  the  deposits  at  the 
end  of  a fortnight,  using  the  following  quantities  of  the 
various  preservatives  for  the  experiments : 1 c.  c.  of  all 
the  fluids  to  500  c.  c.  of  the  beer,  and  -05  gramme  of 
the  sohds ; a quantity  largely  in  excess,  as  it  will  be 
seen,  of  the  practical  proportions  employed. 

Some  very  useful  information  may  be  obtained  by 
experiments  in  this  special  direction,  not  only  as  re- 
gards antiseptic  capacity,  but  also  suitabihty  in  direc- 
tion of  neutral  influence  in  respect  to  flavom'.  For 
instance,  sanitas  will  appear  as  a somewhat  objection- 
able body,  with  powerful  oxidising  tendency  and  a capa- 
city of  communicating  a distinct  flavour  of  tm’pentine. 
The  acid  sulphite  will  occasionally  cause  a stink  when 
added  in  the  proportion  named  to  soft  water  or  yeasty 
beer,  while  the  dry  sulphites  are  more  or  less  free  from 
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this  defect,  their  state  of  purity  corresponding  also  with 
the  absence  of  rough  harsh  palate  taste  of  the  beer  to 
which  they  have  been  added. 

If  the  brewer  does  not  care  to  dip  deeply  into  experi- 
ments of  this  kind  without  proof  of  their  value,  the 
following  simple  operation  may  induce  him  to  modify 
his  crude  sceptical  views.  All  stock  beers  undergo 
frets  in  cask,  and  if  the  fret  be  persistent,  it  is  termed  Forcing  tray 

applied  to  a 

absolute  sickness.  Let  him  collect,  periodically,  a fitting  beer, 
small  quantity  of  the  fretting  beer  in  a 200  c.  c.  test 
tube,  plug  with  cotton  wool,  and  allow  a deposit  to 
subside,  which  will  be  a matter  of  a few  hours  if  the 
fret  be  what  I may  describe  as  healthy  or  nearly  com- 
plete, leaving  supernatant  beer  bright,  while,  if  other- 
wise, the  beer  itself  wiU  remain  more  or  less  cloudy. 

Without  any  forcing  temperature  the  microscopical 
aspect  of  the  deposit  indicates,  with  absolute  certainty, 
the  results  that  the  brewer  may  expect,  and  gives  him 
also  a pretty  clear  idea  of  any  faults  or  mistakes  that 
may  have  been  made  during  the  process  of  production. 

If  the  deposit  is  one  largely  composed  of  vigorous  alco-  indications  of 
holic  yeast  cells,  he  has  evidently  produced  a very 
heavy  albuminous  wort,  insufficiently  attenuated  his 
beer,  or  racked  it  with  a large  quantity  of  yeast  in 
suspension,  while  if  there  be  an  intermixture  of  lactic 
ferments  and  acid  filaments,  he  may  rest  assured  that, 
on  the  fret  terminating,  the  beer  will  be  more  or  less 
unsound. 

These  facts  are  beyond  dispute  ; they  are  the  prac- 
tical outcome  of  what  Pasteur  taught  us  in  his  studies 
on  Wine  and  Beer ; but  it  may  not  be  known  that  the 
entire  lionoui’  of  working  out  the  practical  manipulation 
properly  belongs  to  Mr.  Horace  Brown,  of  Messrs,  m,-.  Horace 
Worthington’s,  who  was  the  first  to  erect  a forcing- 
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tray  and  select  liis  stock  and  export?  beers  according  to 
its  indications. 

If  I am  not  clearly  understood,  I would  remind 
readers  that  they  have  yet  to  come  to  the  explanation 
of  the  theory  and  practice  of  fermentation,  which  will 
undoubtedly  clear  away  clouds  that  may  at  the  present 
moment  exist,  and  it  now  only  remains  for  me  to 
describe  the  working  of  the  wonderful  instrument  that 
we  employ  for  investigating  the  actual  character  of 
deposits,  or  the  cause  of  turbidity  in  beer.  It  is  very 
unfortunate  that  ordinary  vision  is  not  capable  of  giving 
the  required  knowledge,  since  the  microscope  is  a deli- 
cate and  complex  arrangement  of  lenses  that  require 
very  nice  adjustment  in  themselves,  while  the  speci- 
mens for  examination  have  to  be  prepared  with  more 
care  than  many  brewers  have  time  or  inclination  to 
bestow. 

The  chief  practical  point  centres  in  obtaining  an 
instrument  possessing  what  is  termed  a high  power  of 
definition — i.e.,  a lens  power  showing  only  mere  outline 
of  ferments  is  worse  than  useless,  while  any  distortion 
is  an  equally  grave  fault.  I do  not  suggest  that  any 
expensive  instrument  should  be  secured,  but  great  care 
is  necessary  in  selecting  the  magnifying  lenses  and  cor- 
responding eye-pieces,  and  it  will  be  found  that  even 
the  best  makers  are  not  always  successful  in  turning 
out  lenses  of  equal  power  in  the  special  direction 
spoken  of. 

The  next  point  is  to  obtain  a site  for  the  microscope 
that  will  prevent  any  quivering  and  secure  a powerful 
reflected  ray  of  light  to  illuminate  field  of  view,  which, 
of  course,  should  be  absolutely  free  from  specks  of  dust 
and  dirt.  It  is  best  to  have  the  instrument  constantly 
ready  for  use,  standmg  under  a glass  shade,  in  some 
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out-of-the-way  corner  of  brewer’s  office  that  can  be 
conveniently  set  apart  for  it,  since  moving  from  place  to 
place  is  apt  to  cover  the  field  of  view  with  little 
particles  shaken  from  the  sides  of  lens  cases. 

The  preparation  of  samples  for  examination  is  equally 
important,  the  glass  slides  should  be  perfectly  free  from 
scratches  and  any  greasy  film,  and  it  is  customary  to 
wash  them  in  soda-water  or  with  soap,  finally  polishing 
them  off  with  silk  or  wash-leather  wiper  ; the  covering 
slips  should  be  of  very  thin  clear  glass,  not  so  thin  as 
to  lead  to  constant  breakage,  but  sufficiently  so  as  not 
to  diminish  magnifying  power  of  object  glass,  and  these 
also  require  to  be  kept  scrupulously  clean. 

It  is  usual  to  employ  a pair  of  clips  for  placing  these 
slips,  the  fingers  being  always  more  or  less  greasy. 
Yeast  for  examination  is  mixed  with  distilled  water 
always  at  one  temperature,  since  if  it  be  employed 
warm  one  day  and  cold  the  next  it  is  apt  to  lead  to  very 
erroneous  ideas  respecting  size  of  cell  life.  The  dilution 
should  be  such  as  to  give  60  or  75  cells  in  a field  of 
average  size,  the  mere  appearance  of  such  fluid  being  no 
particular  guide,  as  different  yeasts  require  varying 
degrees  of  apparent  dilution  to  give  the  number  of  cells 
specified. 

Deposits  are  usually  collected  by  means  of  a pipette 
from  the  bottom  of  flasks  or  beakers,  or  the  clear  con- 
tents may  be  partly  poured  off  and  the  deposit  shaken 
up  in  the  residuum  so  as  to  give  the  necessary  dilution. 
A single  spot  of  the  liquid  for  examination  is  placed  on 
centre  of  slide  and  immediately  covered  down  with 
glass  slip  in  such  a way  as  to  prevent  any  of  the  fluid 
attaching  to  upper  side,  this  being  easily  accomplished 
if  the  operator  place  the  slip  at  an  angle  touching  the 
glass  before  allowing  it  to  drop  on  the  bead  of  fluid. 
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Sometimes  there  may  be  an  excess  of  liquid  which 
oozes  out  round  covering  slip,  and  may  be  removed  by 
blotting-paper.  It  is  hardly  necessary  to  observe  that 
no  sort  of  pressure  must  be  applied  to  the  slip  itself,  its 
own  weight  being  quite  sufficient  to  spread  out  the  bead 
of  fluid  into  a film,  while  if  pressure  be  applied,  the 
yeast  cells  are  distorted  and  more  or  less  ruptured. 

It  is  a very  common  occurrence  for  tyros  in  yeast 
examination  to  get  fluid  on  the  upper  side  of  slip, 
which  eventually  attaches  to  outer  glass  of  object  lens 
in  their  vain  eftbrts  to  obtain  proper  focus,  while  if  the 
bead  of  fluid  they  place  on  slip  be  not  a perfect  mix- 
ture, or  if  allowed  to  remain  too  long  before  com- 
pressing it  with  slip,  so  that  suspended  solids  commence 
to 'Subside,  a double  field  results — i.e.,  it  is  impossible  to 
get  all  the  cells  into  perfect  focus  at  the  same  time. 

I have  spoken  of  the  defining  power  of  a lens,  and 
what  I mean  by  this  will  now  be  evident.  The  com- 
monest instruments  may  give  us  a beautiful  field  of 
yeast-cells ; we  may  be  delighted  with  their  regularity 
of  shape  and  distinctness  of  outline,  but  of  what  use  is 
this  if  they  do  not  indicate  the  interior  physical  con- 
struction of  the  cell  itself  ? This  is  of  the  most  extreme 
importance  as  far  as  store  yeast  is  concerned,  and  in 
reference  to  the  meaning  of  microscopical  deposits.  I 
can  example  the  special  significance  of  this  remark  by 
saying  that  the  frothy  head  of  a common  table  beer  of 
8 or  91bs.  gravity,  would  give  a field  in  many  instances 
of  beautiful  globules  that  many  might  mistake  for 
perfect  yeast,  but  which,  in  the  absence  of  plasma  or 
interior  nutritive  matter,  would  prove  utterly  useless 
for  any  practical  purpose,  so  that  microscopes  capable 
of  indicating  mere  perfection  of  contour  without  any 
power  of  exhibiting  prominently  the  interior  physical 
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development,  are  something  worse  than  useless,  they 
are  absolutely  dangerous  in  the  deceptiveness  of  their 
indications. 

For  the  same  reason  over-enlargement  under  magni- 
fying influences  is  not  advisable,  since  we  are  deceived 
by  what  amounts  to  absolute  distortion,  and  if  we 
secure  an  enlargement  of  400  diameters,  which  corre- 
sponds to  the  illustrations  of  ferments  in  Pasteur's 
work,  as  obtained  by  the  use  of  a l-6th  objective  in  and\°eye^pieM. 
conjunction  with  A eye-piece,  I think  it  suffices  for  all 
practical  purposes. 

It  is  no  small  matter  to  become  a good  micro- 
scopist,  but  I have  touched  upon  the  points  that  require 
special  practice,  and  the  only  necessity  is  that  a really 
good  working  instrument  should  in  the  first  instance 
be  secured.  This  chapter,  I confess,  covers  a variety 
of  subjects.  It  may  for  that  very  reason  prove  to  be 
of  the  greater  practical  interest,  and  it  leaves  me  now 
clear  to  come  at  once  to  the  everyday  operations  of  the 
Brewery. 
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CHAPTER  VIII. 

MASHING. 

It  has  always  been  supposed  that  fermentation  was  the 
most  important  stage  of  a Brewer’s  process,  but  I 
incline,  myself,  to  the  opuiion  that  the  preliminary 
operations  of  malting  and  wort  extraction  are  equally 
important,  since  we  are  practically  engaged  m preparmg 
a variety  of  soil  in  which  we  afterwards  cultivate  a 
vegetable  organism. 

It  is  all  very  well  for  people  to  smile  at  such  a de- 
scription of  the  Brewer’s  mashing  operations.  No 
amount  of  scepticism  can  upset  the  broad  fact  that 
character  of  wort  entirely  determines  quality  of  beer  in 
so  far  as  such  wort  constitution  has  to  do  with  the 
healthy  or  diseased  reproduction  of  vegetable  ferment 
life,  and  as  this  is  so,  the  subject  of  mashing  merits 
a great  deal  more  attention  than  has  hitherto  been 
bestowed  upon  it. 

Previous  writers  have  devoted  a great  deal  of  time 
to  an  explanation  of  the  importance  of  stated  percent- 
age proportions  of  malt  sugar  and  dextrin  as  con- 
stituents of  wort ; others  have  spoken  of  the  quantity 
of  nitrogenous  matters  and  inert  bodies  that  are  use- 
ful for  one  purpose  or  another  ; but  few  if  any  have 
concerned  themselves  about  Peptonic  constituents,  i.e., 
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the  exact  condition  of  the  yeast-forming  bodies  that 
their  wort  contains,  and  it  is  in  reference  to  this  special 
subject  that  I desire  to  make  the  chapter  on  mashing 
more  than  usually  interesting.  Prior  to  this  operation 
the  malt  is  crushed  or  ground,  and  I have  previously 
described  how  the  extent  of  disintegration  should  vary 
according  to  the  character  of  the  grain  and  the  saline 
nature  of  the  water  in  use.  I also  mentioned  that 
crushed  material  should  not  be  exposed  to  the  air  or  left 
too  long  to  heat,  compress,  and  set. 

The  olden  idea  respecting  mashing  was  a very  simple 
one,  and  may  be  summed  up  thus — malting  led  to  sac- 
charification of  barley,  and  during  the  infusion  mash 
the  brewer  simply  dissolved  the  sugar  formed,  and 
writers  were  apt  to  refer  to  the  sweet  taste  of  malt  as 
proving  the  saccharification,  although  it  is  doubtful 
whether  it  does  anything  of  the  kind. 

The  saliva  of  the  mouth  contains,  as  is  well  Imown, 
a body  of  albuminous  nature  named  ptyalin,  which  has 
a wonderful  capacity  of  effecting  starch  hydration,  and 
is  utilised  for  this  purpose  in  the  preparation  of  chica 
beer,  the  maize  being  chewed  in  the  mouth  and 
then  ejected  into  a vessel,  where  the  mixture,  unplea- 
sant as  it  is,  undergoes  saccharification  and  so-called 
spontaneous  fermentation,  ending  in  the  intoxicating 
chica. 

It  is  perfectly  easy  to  understand  from  this  why  a 
malt  containing  a quantity  of  modified  and  semi- soluble 
starch  should  taste  sweet  when  chewed,  since  the  above- 
named  ptyalin  is  actively  employed  in  forming  sugar, 
the  malt  containing  starch  the  more  perfectly  modified, 
tasting  far  sweeter  than  semi-vegetated  material.  It 
will  thus  be  seen  that  the  mashing  process  is  not 
merely  the  solution  of  ready-formed  sugar,  since,  as  a 
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matter  of  fact,  the  best  malt  contains  but  a very  small 
percentage.  To  put  it  plainly,  mashing  has  two  main 
offices,  the  formation  of  fermentable  products  from 
starch  under  the  influence  of  modified  albuminous 
matter,  nitrogenous  bodies  that  have  been  modified  by 
vegetation ; and,  secondly,  the  conversion  of  other 
soluble  albuminoids  into  digested  form  by  diastase, 
aided  in  marvellous  manner  by  temperature  and 
pressure. 

The  main  object  of  malting,  then,  is  the  creation  of 
diastatic  energy.  I have  insisted  upon  this  over  and 
over  again  in  the  chapters  on  materials  used  in  brewing 
and  the  chemical  examination  of  malt,  the  succeeding 
mashing  process  binging  for  success  upon  utibsing  to 
its  full  and  in  a dual  direction  this  diastatic  power — 
hydrating  starch  into  dextrin-maltose  and  digest- 
ing by  its  aid  ordinary  soluble  albuminoids  capable 
of  peptonic  modification.  From  this  it  will  appear  why 
the  infusion  method  is  fr’equently  so  unsuccessful. 
Malts  in  recent  years  have  bad  low  diastatic  powers, 
and  the  problem  for  the  brewer  has  been,  in  so  many 
words,  coaxing  a small  quantity  of  active  diastase  to 
accomplish  a great  deal  of  work. 

Starting  with  perfectly  vegetated  grain,  the  infusion 
method  gives  a temperature  and  period  of  action  that 
suffices  for  this  purpose,  but  under  other  circumstances 
it  is  a pitfall  for  the  unwary,  and  boiling  and  sluggish 
fermentations,  cloudy  and  unsatisfactory  beer  prove  how 
ineffectual  the  process  has  been  in  the  dfrection  of  pro- 
viding a wort  in  which  yeast,  no  longer  to  be  considered 
the  mere  by-product  of  the  brewer,  can  reproduce  itself 
in  perfectly  healthy  form.  The  infusion  mash  tun  is  to 
my  mind  a vessel  of  the  past,  and  the  clumsy  means  we 
take  at  present  for  neutralising  its  deficiencies  m the 


MODEEN  BEE  WING. 


123 


way  of  non-iiitermixed  underlets,  naked  steam  on  surface 
of  mash,  and  prolonged  stewing  of  wort  in  copper, 
while  accomplishing,  perhaps,  as  much  as  is  possible, 
would  be  entirely  unnecessary  if  we  took  a leaf  out  of 
Continental  books  and  erected  a preliminary  cooking 
vessel  of  the  kind  pictured  in  my  description  of  brewery 
plant. 

I will  start  at  the  beginning  and  gradually  wade 
through  the  entire  question,  so  that  there  may  he  no 
sort  or  kind  of  misunderstanding,  and  try  and  explain 
how  it  is  that  by  the  use  of  Continental  forms  of  mash- 
ing plant  brewers  might  succeed  far  better  with  inferior 
descriptions  of  grain  than  they  do  at  the  present  time. 
Malt,  as  we  have  seen,  contains  a great  deal  of  starch, 
and  by  comparison  a small  quantity  of  what  analyses 
out  as  the  so-called  diastase- — a portion  of  the  soluble 
albuminous  constituents — the  exact  diastatic  capacity  of 
this  portion  depending  upon  the  perfection  of  vegetation 
that  has  taken  place.  The  chief  difference  between 
good  and  faulty  material  tmuis  upon  the  extent  of  dia- 
static capacity.  Brewers  bring  this  diastase  into  action 
by  making  their  mash  at  what  is  termed  a correct  sac- 
charification temperature,  and  this  is  limited  in  two 
ways,  since  below  a mixture  heat  of  140°  acidity  would 
most  likely  develop,  while  above  165°  the  diastase  itself, 
or  active  principle,  would  be  destroyed.  It  is  a common 
point  of  knowledge  that  cold  malt  extract,  i.e.,  the  fil- 
trate from  a mixture  of  malt  and  cold  water,  which  con- 
tains only,  of  course,  the  soluble  albuminoids,  acts  quite 
as  energetically  on  gelatinised  starch  at  the  temperature 
of  60°  as  at  the  higher  range  common  with  the  brewer  ; 
but  brewers,  unfortunately,  are  not  dealing  with  gela- 
tinised starch,  and,  besides  this,  acidity  is  with  them  a 
question  of  much  moment.  Employing  as  they  do 
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malt,  which  yields  a considerable  quantity  of  acid,  any 
increase  would  assuredly  prove  an  uncomfortable  factor 
towards  the  completion  of  their  operations,  nothing,  to 
my  mind,  interfering  so  much  with  spontaneous  clarifi- 
cation of  beer. 

With  the  initial  heat  of  mixture  fixed  between  the 
two  extremes  mentioned,  the  next  question  that  pre- 
sents itself  is  in  connection  with  degree  of  fluidity, 
since  it  is  pretty  evident  that  by  employing  large  quan- 
tities of  liquor  we  can  very  considerably  lower  the 
temperature  that  would  be  necessary  with  a smaller 
quantity  to  give  the  exact  initial  selected.  I give,  as  a 
footnote, a formula  for  calculating  out  the  necessary 
temperature  of  liquor  to  arrive  at  required  mixture 
heats  for  any  degree  of  fluidity  selected,  and  this  will 
prove  very  useful  to  those  who  suddenly  change  from  a 
small  plant  fitted  with  outside  mixer  to  mash  tun,  into 
a large  concern  with  immense  tuns  fitted  with  rakes 
only. 

* It  is  very  necessary  for  a brewer  to  have  at  hand  a 
formula  for  calculating  the  initial  temperature  of  certain  pro- 
portional mixtures  of  malt,  in  its  crushed  condition,  and 
liquor. 

The  following  figures  and  explanation  of  same  will  perhaps 
render  the  matter  clear  : — 

Specific  heat  of  malt  ...  0'4 

Temperature  of  malt  ...  12°  Centigi’ade. 

,,  mash  liquor  55°  ,, 

Relative  proportion  between  malt  (weight)  and  liquor 
.3  to  1. 

0-4  X 12°  3 X 55°  4-8  4-  165 

3^4 = 3-4  ^ ^ 

Thermal  unit,  or  the  unit  for  the  quantity,  is  the  amount 
of  heat- -obtained,  Ave  Avill  presume,  by  burning  coal — required 
to  raise  a given  quantity  of  a standard  substance — say  1 lb. — 
through  1°  of  temperature,  water  being  generally  taken  for  the 
purpose  as  the  standard  substance. 

The  specific  heat  of  anotlier  substance  is  merely  the  numlier 
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Practically  the  degree  of  dilution  is  fixed  for  us  in 
one  direction  by  the  limit  to  mixing  power  of  ordinary 
machines  driven  by  belts,  and  in  the  other  by  the  fact 
that  dilute  mashes  mean,  as  a rule,  very  saccharine 
forms  of  extract  with  diminished  sparging  length  and 
consequent  loss.  The  outcrop  of  all  this  is  that  some 
two  to  two  and  a-half  barrels  of  liquor  are  employed  2 to  24  barrels  of 

liquor  per  qr. 

from  first  to  last  in  the  mashing  of  every  quarter  of 
malt,  the  comparative  weights  being  720  to  900  lbs. 
water  to  386  lbs.  malt,  and  these  figures  are  useful  as 
explanatory  of  the  terms  of  footnote  formula. 

As  malt  contains  an  agent  of  great  importance, 
and  as  this  is  undoubtedly  crippled  and  eventually 
destroyed  by  high  temperature,  it  is  customary  for  all  A set  mash, 
brewers  to  employ  the  lowest  heats  compatible  with 
attaining  the  requisite  mixture  initial  spoken  of,  since 

of  units  which  it  takes  to  raise  1 lb.  of  it  through  1°  of  tem- 
perature. 

Tlie  easiest  Avay  to  proceed  is  to  imagine  everything  to  start 
from  zero  temperature,  and  then  ask  the  folloAving  questions; 

I.  How  many  thermal  units  will  be  used  in  raising  3 lbs.  of 
Avater  from  0°  to  55°  and  1 lb.  of  malt  from  0°  to  12°  ? 

II.  Through  hoAV  many  degrees— f.e.,  to  Avhat  temperature 
Avill  this  same  amount  of  thermal  units  raise  a mixture  of 
3 lbs.  of  Avater  and  1 lb.  of  malt  ? 

Number  of  thermal  units  to  raise  3 lbs.  \ _ o nr 
of  Avaterfrom  0°  to  55° 3x5oxl 

Number  of  thermal  units  to  raise  1 lb.  of  ) _ , „ 
malt  from  0°  to  12°  ..  j — 12  x 0 4 

Therefore,  the  total  number  of  thermal  units  existing  in- 
these  tAvo  bodies  Avhile  separate  equals 

. (3  X 55  X 1)  -t-  (12  X 0-4) 

Noav  the  number  of  thermal  units  to  be  applied  for  raising 
.3  lbs.  of  Avater  and  1 lb.  of  malt  to  a common  temperature 
equals  (3  x t°  x 1)  -f  (1  x t°  x 0'4)  = 3'4  t°. 

But  this  number  of  thermal  units  is  the  same,  i.e., 

3-4 1°=  (3  X 55)  -b  (12  X 0'4) 

Tlierefore  t°  = (3  x 55)  -f  (12  x 0'4) 

3^4 
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the  old-fashioned  term  scalding  of  the  Tuash  merely  re- 
ferred to  the  result  that  was  experienced  when  using 
liquor  at  a temperatui’e  sufficient  to  gelatinise  the 
starch  granules,  destroying  at  the  same  time  the  con- 
verting principle,  this  being  practically  a set  mash. 
Keeping  up  heat  The  means  taken  by  the  brewer  are  in  the  direction 

of  mash  tun. 

01  thoroughly  heating  the  mash  tun  with  steam  or  hot 
liquor,  and  by  so  enclosing  the  vessel  as  to  prevent  ex- 
cessive radiation  and  consequent  cooling  of  mash  tun 
contents.  By  care  in  these  several  points,  it  appears 
that  by  mixing  ordinary  crushed  malt  and  liquor  at 
Ordinary  strik-  165°  ill  the  proportions  Stated,  the  primary  initial  heat 
heats!^*^  is  closely  approaching  to  150°. 

I prefer  to  put  the  case  in  this  way,  as  older  writers 
referred  to  this  stated  temperature  as  one  of  great  im- 
portance, being  to  their  view  necessary  in  order  to 
attain  brightness,  creaminess,  and  sparkling  character 
of  resulting  wort.  Although  it  is  quite  true  that  worts 
should  come  off  eventually  .at  this  temperature,  it  is, 

Reiiminary  ini-  nevertheless,  far  too  high  as  a preliminary  one,  which, 
tiai  of  140 . should  be  as  low  as  140°. 

It  will  be  remembered  that  in  the  olden  days  when 
mashes  were  made  by  hand,  the  intermixture  heats 
were  much  lower  than  at  present,  and  it  was  only 
towards  the  end  of  the  mash-tun  work,  quite  forty 
minutes  from  the  commencement,  that  the  temperature 
Rise  of  tempera-  of  goods  was  raised  to  the  150  or  152°  now  customary, 

ture  during 

stand  of  mash,  while,  besides  this,  the  malts  at  that  time  were  un- 
undoubtedly  more  fitted  to  resist,  satisfactorily,  the 
influence  of  what  may  be  termed  excessive  heat.  It  is 
not  usual  to  notice  the  development  of  heat  during 
intermixture,  and  yet,  in  some  mash-tuns  it  is  a very 
prominent  feature.  All  chemical  changes  give  rise  to 
heat,  and  it  is  obvious  that  during  the  hydration  of  so 
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large  a starch  percentage  the  temperature  of  mixture 
must  rise  considerably,  but  this,  in  the  majority  of 
cases,  perhaps,  is  neutralised  or  comiterbalanced  by  the 
radiation  going  on. 

The  increase  in  acidity  of  mash  also  escapes  notice, 
this  increment  being  due  to  the  formation  of  peptones 
which  have  an  acid  reaction.  It  is  well  to  state  these 
facts  even  if  they  be  but  of  theoretical  importance. 

Such,  then,  are  the  ordinary  considerations  governing 
the  infusion  mash  ; let  us  now  inquire  in  what  direction 
improvement  is  possible. 

If  the  brewer  have  but  a mash-tim  of  modern  fittings, 
the  matter  is  a very  simple  one ; hitherto,  improvements 
have  been  in  the  wrong  direction, — for  example : the 
mashing  machine  of  Tizard  was  most  commendable  in 
principle,  but  failed  utterly  in  practice ; the  mixing 
machine  of  Sorrel  was  another  attempt  to  obtain  a 
low  first  Inixture  heat  with  after  increase  to  the  recog- 
nised finishing  temperature,  while  the  circulating 
methods  of  Crockford  and  Davenport  are  simply  steps 
in  the  same  direction. 

The  only  disadvantage  of  such  processes  is  their 
lengthy  nature,  i.e.,  it  takes  a very  long  time  to  raise 
the  heat  of  a large  bulk  of  grist  by  the  constant  cir- 
culation of  its  own  wort,  if  this  wort  be  circulated  at  a 
temperature  leaving  its  diastatic  constituent  in  a state 
of  activity. 

The  adoption  of  steam  coils  under  false  bottoms  is 
thoroughly  wrong,  since  there  is  constant  danger  of 
over -heating  the  wort  under  the  plates  and  the  mash  in 
contact  with  them,  and  the  system  of  blowing  in  naked 
steam  is  objectionable,  as  leading  to  a certain  destruc- 
tion of  some  diastase,  and  frequently  occasioning  a 
most  unpleasant  kind  of  contamination. 


Increase  of 
acidity  in  mash. 


Tizard. 


Sorrel. 


Crockford. 

Davenport. 


Steam  coils 
under  false 
bottoms. 


128 


THE  THEOEY  AND  PEACTICE  OP 


Underlets. 


Water  and 
steam  jackets. 


Pressure  and 
filtration. 


Pressure  and 
starch  hydra  - 
tion. 


There  is  only  one  defect,  perhaps,  in  the  system  of 
underlets  intermixed  with  powerful  machinery,  and 
that  is  that  in  arranging  for  an  underflow  the  primary 
mixture  is  made  so  stiff  as  to  necessitate  a degree  of 
liquor  temperature  far  too  high,  since  it  should  never 
be  over  158°,  and  with  a stiff  mash  it  frequently  has  to 
be  ten  degrees  higher  to  give  the  most  moderate  initial. 

The  case  then  to  me  seems  simple  ; there  is  no  objec- 
tion that  I know  of  to  a water  jacket,  and  very  little  to 
the  steam  jacket  of  Continental  mash-tuns,  except  that, 
in  using  these  for  the  purpose  of  raising  temperatures, 
the  mashes  have  to  be  kept  in  constant  motion  by 
machinery,  which  leads  to  a certain  deadness  and 
settling  of  goods. 

On  the  Continent  such  disadvantage  does  not  amount 
to  much,  since  pressure  is  applied  where  ordinary 
gravity  fails,  but  m England,  where  we  have  not  at 
present  pressure  filtration  vessels,  we  should  have  to 
overcome  any  tendency  to  settling  by  the  use  of  a per- 
centage of  buoyant  material  or  by  increasing  our 
drainage  area  so  as  to  facilitate  the  percolation  of  the 
■fluid. 

The  question  of  pressure  is  not  altogether  novel ; it 
is  undoubtedly  both  interesting  and  important,  and 
there  is  no  doubt  that  combined  pressure  and  motion 
exercise  an  immense  influence  on  chemical  changes  of 
the  kind  we  are  dealing  with  when  considering 
mashing.  If  any  example  be  needed,  what  better  one 
can  be  given  than  that  of  starch  hydration  under  the 
influence  of  acid  ? — this  corresponding  very  well  with 
starch  modification  by  diastatic  agency. 

Before  pressure  was  adopted  by  saccharine  manufac- 
turers as  a detail  of  their  process  several  hours  were 
required  for  the  conversion,  the  same  change  resulting 
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at  the  present  time  under  a pressure  of  three  or  four 
atmospheres  (say  601bs.)  in  so  many  minutes,  so  that 
putting  on  one  side  the  benefits  of  pressure,  as  facihtat- 
ing  filtration,  the  brewer  could  but  derive  advantage 
from  its  other  influence,  and  I do  not  wonder  that  it  has 
been  adopted  as  a method  for  facilitating  saccharifica- 
tion in  many  North  German  breweries. 

It  will  be  pretty  evident  so  far  that  there  is  little  to 
say  in  favour  of  the  infusion  vessel,  but  as  this  hap- 
pens to  exist  in  two-thirds  of  the  English  breweries, 
it  must  be  utilised  in  such  a way  as  to  make  the 
results  as  perfect  as  possible.  The  general  outline  of 
the  process  is  to  mash  through  external  mixer  with 
some  two  barrels  per  qr.  at  160°,  so  as  to  give  first 
initial  of  142°,  raising  this  after  an  interval  of  one 
hour  to  the  final  heat  of  162°,  by  the  use  of  some 
further  half  barrel  per  qr.  at  185°  to  190°  slowly  rmi 
under  false  bottom,  with  internal  rakes  revolving  or 
mash  oars  and  hand  rakes  vigorously  apphed,  the  idea 
being  to  prevent  any  section  of  the  mash  unduly 
heating. 

This  is  certainly  within  the  capacity  of  every  plant,  Advantege  of 
and  the  knowledge  and  power  of  every  brewer,  and  the 
benefits  arrived  at  are  simply  as  follows : — The  com- 
paratively low  temperature  of  intermixture  keeps  the 
diastatic  constituents,  few  or  many,  in  active  condition ; 
they  are  thus  energetic  in  several  directions,  bringing 
about,  first,  the  solution ; secondly,  the  hydration  of 
starch  into  proportions  of  dextrin  and  maltose  con- 
stantly assuming  a more  saccharine  nature,  and  also 
peptonising  other  nitrogenous  bodies,  rendering  these 
capable  of  acting  eventually  as  the  plasma  or  aliment 
of  yeast. 

The  process  has  justly  been  described  as  a coaxing  Coaxing  process 
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one,  i.e.,  we  induce  diastase  to  accomplish  much  more 
than  it  would  do  if  its  power  were  crippled  by  a first 
appheation  of  a high  temperature,  and  no  words  of 
mine  are  necessary  to  prove  that  the  process  is  specially 
adapted  to  that  class  of  material  which  has  never  been 
efficiently  vegetated  on  the  malting  floor.  The  users  of 
raw  grain  are  very  sensible  of  the  limit  to  diastatic 
power,  since  the  first  step  in  their  process  is  the  com- 
plete gelatinisation  of  the  starch,  for,  as  they  know  that 
the  diastase  of  malt  has  sufficient  work  to  accomphsh 
as  regards  starch  solution  in  the  case  of  malt  extract 
itself,  they  deem  it  wise  to  submit  extra  quantities  of 
starch  in  the  condition  which  the  more  readily  admits 
of  speedy  and  complete  hydration. 

The  full  benefit  attained  by  the  process  of  coaxing, 
explained,  seems  to  end  at  the  expiration  of  40  to  50 
minutes  ; it  might  do  so  in  a much  shorter  time  if 
pressure  were  applied,  and  it  then  becomes  necessary  to 
raise  the  mash  to  the  temperature  which  facihtates  the 
flow  of  a bright  wort.  Strange  as  it  may  appear,  this 
very  time  was  not  only  adopted  by  practical  brewers  in 
the  days  of  open  tubs  and  mash  oars,  but  is  also 
adhered  to  by  scientific  brewers,  working  on  a system 
entirely  different,  and  is  only  another  example  of  how 
practice  sometimes  precedes  the  theoretical  explanation 
of  its  utility. 

The  infusion  method,  whether  carried  out  on  the 
principle  of  a simple  mixture  or  the  improved  plan  of 
two  distinct  heats,  yields  a wort  of  pretty  steady  com- 
position, the  only  difference  resulting  from  the  use  of 
very  inferior  material,  although  the  coaxing  spoken  of 
tends  to  prevent  the  variation  being  so  apparent,  and 
the  main  difference  between  mashing  in  an  English 
and  Continental  brewery  is  that  abroad  every  brewer 
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proceeds  with  a definite  idea  of  stewing  the  malt,  while 
he  carries  out  the  further  idea  of  obtaining  a higher 
dextrin  percentage  than  is  possible  on  the  English 
plan — i.e.,  he  commences  to  destroy  the  diastase  at 
the  very  moment  that  his  mash  begins  to  rise  in 
temperature  to  the  true  saccharification  point,  150°. 

Thus,  whether  a Continental  brewer  be  working  on 
the  infusion  or  decoction  systems,  he  starts,  invariably, 
mth  a low  heat ; he  knows  how  important  it  is  to 
dissolve  albumenoids  first,  starch  next,  and  induce  the 
influence  of  one  type  of  nitrogenous  matter  on  other 
types.  He  secures  the  range  of  temperature  by  working 
with  a Lacambre  saccharification  vessel,  using  the  mash 
tun  below  as  a filter,  so  long  as  the  process  is  infusion  ; 
while  the  decoction  brewer  raises  the  temperature  by 
his  own  peculiar  process,  which  it  is  now  necessary  to 
explain,  since  hitherto  I have  enlarged  entirely  on  the 
question  of  peptonic  improvement  as  influenced  by  tem- 
perature range,  while  the  decoction  process  refers  to  the 
problem  of  increased  dextrin  percentage,  this  considera- 
tion cropping  up  directly  the  temperature  of  the  mix- 
ture is  raised  from  the  lower  preliminary  standing  heat 
suggested  as  so  advisable.  I have  constantly  come 
across  people  who  could  not  grasp  the  meaning  of  the 
German  Dickmaisch  or  thick  wort  mash  method.  I 
confess  that  I do  not  see  any  difficulty. 

A German  brewer  says  to  himself:  “ Can  I devise  any 
method  which  will  enable  me  to  obtain  a complete 
extract  of  malt,  at  the  same  time  avoiding  all  increase 
in  the  normal  sugar  percentage?  Can  I,  in  other 
words,  destroy  a portion  of  the  diastase  and  bring  the 
whole  quantity  of  starch  of  the  grain  into  soluble  form, 
after  I have  utilised  the  entire  diastatic  influence  in  the 
direction  of  creating  yeast  aliment  ? ” I must  say  that 
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he  has  answered  this  question  in  a manner  theoretically 
and  practically  accurate.  What  simpler  plan  than  to 
infuse  the  malt  at  the  usual  low  temperature,  then 
raising  the  heat,  not  by  means  of  steam  or  water 
jackets,  underlets,  or  naked  steam,  but  by  heating  por- 
tions of  the  mash  seriatim  to  a temperature  that  will 
lead  to  dual  result,  the  gelatinisation  of  starch  granules 
in  the  portion  so  heated  with  corresponding  destruction 
of  diastase  ? By  re-mixing  the  portion  so  treated  with 
remaining  bulk  the  temperature  is  raised,  the  activity 
of  the  lesser  quantity  of  diastase  is  increased,  while  it 
finds  itself  in  contact  with  gelatinised  starch. 

The  word  seriatim,  introduced  above,  means  that 
successive  portions  of  the  mash  are  so  treated,  and  it 
is  perfectly  evident  with  what  result.  At  every  suc- 
cessive re-intermixture  there  is  increase  of  temperature, 
less  diastase,  and  more  soluble  starch,  and  analysis 
confirms  what  a single  thought  would  suggest — there  is 
less  sugar  and  more  dextrin,  forming  the  so-called  fer- 
mentable portion  of  a decoction  brewer’s  wort,  while 
the  ferment-forming  bodies  are  certainly  as  high  as 
in  the  most  perfect  infusion  mash  wort  that  could  be 
obtained  with  similar  material.  It  is  not  necessary  for 
me  to  explain  the  exact  temperature  at  which  the 
heated  mash  is  returned  to  bulk  left  in  mashing  vessel, 
or  the  temperature  to  which  the  heated  portion  is 
exposed;  but  I may  say  that  it  is  seldom  boiled, 
merely  being  run  to  176°  to  185°  for  the  double 
purpose  named. 

If  this  plan  is  understood  it  will  sweep  away  many 
of  the  absurd  ideas  that  have  hitherto  existed,  and 
render  easy  the  explanation  of  English  methods  of 
so-called  boiled  mashes,  whether  these  be  devised  to 
merely  obtain  large  extracts  or  to  facilitate  the  use  of 
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raw  material  in  the  brewer’s  mash  tun.  If  we  make  a 
mash  at  an  ordinary  temperature,  or  better  still,  at 
the  much  lower  than  ordinary  temperature  suggested, 
stand  for  the  mystical  40  minutes,  and  then  draw  off 
from  the  mash  tun  two-thirds  of  the  strong  wort,  we 
secure  the  dissolved  albuminoids  with  diastatic  capacity 
that  have,  during  the  time  stated,  been  fulfilling  a very 
important  office  in  the  direction  so  frequently  insisted 
upon  ; and  if  we  then  apply  steam  and  boil  the  goods 
we  gelatinise  the  vitrified  starch  that  has  so  far  defied 
the  influence  of  the  diastase.  Cooling  down  the  boiled 
mash,  and  bringing  back  the  strong  wort,  we  effect 
the  complete  conversion  of  the  gelatinised  starch ; and 
although  we  do  not  accomplish,  in  any  sense,  the 
increased  dextrur  formation,  we  obtain  at  any  rate 
the  larger  extract. 

It  is  easy  to  see  how  raw  grain  can  be  used  under  Eaw  grain  use 
such  ch’cumstances,  without  the  erection  of  preparatory  tionai  plant, 
gelatinisation  plant,  since,  after  the  withdrawal  of  the 
strong  wort  and  prior  to  the  boiling  of  the  goods 
remaining  in  the  tun,  the  proportion  of  raw  grain  for 
use  may  be  run  through  mixnig  machine  and  inter- 
mixed with  goods,  where  it  comes  in  contact  with  a 
certain  amount  of  diastase,  which  exerts  activity  until 
its  power  is  crippled  by  the  rising  temperature  of  mash 
after  steam  is  turned  in.  It  is  customary  to  add  a 
small  percentage  of  very  buoyant  malt  at  the  stage  Buoyant  malt, 
when  the  strong  wort  is  returned  and  intermixed  to  boiiedmashes. 
effect  starch  hydration,  the  object  being  to  facilitate 
filtration  at  tap  setting. 

All  these  processes  have  been  practically  carried  out, 

I must  say,  with  very  great  success  by  Mr.  Arthm- 
Mure,  of  Hampstead,  who  has  vastly  improved  in  detail 
on  the  sketch  given,  while  still  adhering  to  it  in  prin- 


134 


THE  THEORY  AND  PRACTICE  OF 


Cleaninfi:  malt 
before  grinding. 


“ Wurtz  ” filtra- 
tion vessels. 


Their  construc- 
tion. 


ciiDle.  Certain  objections  have  been  raised  to  the 
modxLs  o'permidi  described,  since  the  constant  inter- 
mixing of  material  and  the  use  of  naked  steam  lead  to 
such  disintegration  of  material  as  to  convert  it  into 
a pulpy  mass,  to  say  nothing  of  the  flavour  of  wort 
resulting  from  the  actual  boiling  of  the  entire  grist. 

This  gives  point  to  what  I said  respecting  the  neces- 
sity of  improving  our  mill  room  arrangements,  so  that 
all  extraneous  dust  and  dirt  are  removed  from  husk  of 
grain  that  is  to  be  employed  in  the  production  of  beer. 
German  brewers  are  very  careful  in  this  matter,  since 
their  mashes  are  exposed  to  high  temperatures,  and 
it  is  not  too  much  to  say  that  English  brewers,  em- 
ploying mere  infusion  heats,  would  experience  much 
improvement  in  flavour  of  beer  if  they  would  expend  a 
little  more  care  in  this  direction. 

The  objections  just  mentioned  are  not  without  war- 
rant, since,  although  the  process  brings  the  whole 
available  extract  of  material  into  soluble  form,  it  is 
not,  as  a matter  of  fact,  obtained  in  view  of  the  viscid 
condition  of  the  goods,  but  all  such  objections  would 
disappear  if  the  filtration  vessels  of  Messrs.  Wurtz,  of 
Breslau,  could  be  employed  in  conjunction  mth  the 
ordinary  mash  tun,  or  as  mash  tun  and  filtration  vessel 
combined.  This  machine  may  be  described  as  cone 
shaped,  possessing  side  and  bottom  drainage  area  easy 
of  regulation,  and  fitted  with  an  air  pump  to  give  the 
necessary  surface  pressure,  while  inside  there  exists  a 
very  simple  rake  arrangement,  and,  finally,  they  have 
gearing  for  throwing  out  grains  and  self-cleaiung. 
Messrs.  Flower  & Son,  of  Stratford-on-Avon,  were  the 
first,  I believe,  to  introduce  these  novelties  into  this 
country. 

It  may  well  be  asked  why  all  this  care  and  com- 
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plexity  of  manipulation  is  necessary ; why,  in  short, 
the  wort,  a much  simpler  fluid  to  deal  with,  cannot  be 
efficiently  modifled  at  varyuig  temperatures  so  as  to 
give  the  same  result  ? The  answer  is  clear.  When 
once  the  temperature  of  the  mixtmre  has  been  raised 
above  the  limit  spoken  of,  142°,  the  diastatic  bodies  of 
wort  seem  to  lose  their  capacity  of  actmg  upon  albu- 
minous matter  in  the  peptone  direction,  and  simply 
■exercise  the  well-known  power  of  sugar  formation.  I 
do  not  mean  to  say  that  albuminous  matter  is  not 
modifled  in  the  copper,  smce  much  benefit  sometimes 
results  from  prolonged  stewing  ; but  I have  never  yet 
seen  a wort  from  mferior  malt  converted  by  stewing 
into  one  of  good  character  to  anything  like  the  same 
extent  as  if  the  malt  itself  had  been  so  manipulated  as 
to  obtain  to  its  full  the  distmct  dual  influence  of  its 
soluble  albuminous  constituents. 

Now,  what  shall  I say  of  those  cumbersome  processes 
described  in  certain  books  as  second  and  third  mashmg 
methods?  They  are  clearly  useless,  if  not  absolutely 
injurious,  for  I fail  to  see  the  beneflt  of  continually 
stirrmg  up  a mash  after  the  soluble  bodies  have  been 
drawn  off,  or  after  their  dual  capacity  is  no  longer  in 
existence.  Certainly,  the  brewer  may  obtain  a larger 
apparent  extract.  He  may  sweep  it  through  the  plates 
by  india-rubber  scrapers  fixed  to  the  ends  of  rake  arms, 
but  what  kind  of  extract  is  it  ? Simply  crude  raw 
material  that  would  be  better  left  behind.  There  is  no 
doubt  on  the  subject,  as  any  one  accustomed  to  brewmg 
operations  in  London,  where  this  process  is  still  in 
vogue,  can  testify.  It  is  not  only  theoretically  but  prac- 
tically wrong,  and  those  conductmg  it  certanily  do  not 
understand  the  true  object  of  mashmg. 

To  sum  up,  then,  the  following  appear  as  the  salient 
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features  of  all  that  has  so  far  been  said.  There  should 
be  two  distinct  heats  arrived  at  in  makuig  a perfect 
mash,  and  the  temperature  of  the  hquor  employed 
should  be  as  low  as  possible,  in  -view  of  arri-sdng  at  the 
fixed  heats  necessary.  No  great  range  of  fluidity  being 
possible,  much  may  be  done  in  this  du’ection  by  tho- 
roughly heating  the  vessels  and  preventing  radiation ; 
much  more  may  be  accomplished  by  water  and  steam 
jackets.  The  two  heats  are  142°  as  a preliminary 
mixing  and  standing  temperature,  and  152°  to  155° 
as  the  final  saccharification  heat,  while  the  liquor 
employed  to  arrive  at  all  this  should  not  be  more  in 
the  first  instance  than  160°,  and  in  the  second  185°. 

The  adoption  of  water  and  steam  jackets  does  away 
with  the  necessity  of  any  sudden  apphcation  of  high 
ranges  of  heat,  and  are  certainly  much  better  as 
agencies  for  effecting  variation  m temperature  than 
underflows.  After  the  mash  is  once  made,  it  really 
matters  very  little  how  the  heat  ranges,  so  long  as  we 
keep  ■within  reasonable  limits,  although  ■with  infusion 
mashes  it  is  safer  to  adhere  to  temperatures  which 
leave  diastase  in  some  sense  active. 

Thus  I may  easily  fix  a mash-tmr  range  of  152°  to 
160°  after  settmg  tap  as  strictly  ■within  reason ; and  I 
need  hardly  point  out  that  mere  tap  heats  are  altogether 
deceptive,  and  we  ought  invariably  to  be  guided  by  the 
exact  temperature  of  the  mash  itself ; and  a word  of 
caution  is  necessary,  as  it  is  by  no  means  a simple 
matter  to  obtahi  a correct  mash  heat,  and  the  varymg 
temperatures  existing  in  a mash  made  by  an  automatic 
machine  or  by  a badly-fed  Steele  is  enough  to  raise  a 
doubt  as  to  the  efficiency  of  existing  methods  of  inter- 
mixture. I believe  myself  that  a Stopes’  mash-tun 
thermometer,  or  a hard  German  glass  thermometer 
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without  covering  of  any  kind  fixed  on  a metal  stick  is 
about  the  most  accurate  appliance.  Once  enclose  the 
bulb  of  a thermometer,  and  it  is  next  to  impossible  to 
arrive  at  the  temperature  of  a semi-fluid  mixture  into 
which  it  may  be  mserted. 

So  far,  then,  I have  tried  to  paint  the  happy  process 
of  the  future,  but  what  can  I say  about  present  methods 
of  procedure.  It  is  useless  expecting  brewery  firms  to 
make  extensive  alterations  in  plant.  Disaster,  so  far, 
has  not  taught  them  that  alterations  have  taken  place 
in  conditions  of  brewing  ; so,  to  be  quite  practical,  it  is 
as  well  that  I should  suggest  methods  of  improvement 
in  present  working  that  may  be  possible  with  existing 
plant. 

To  those  who  have  mash- tuns  fitted  with  rake  ma- 
chinery and  imderlet  pipes,  the  heats  I have  men- 
tioned wiU  appear  as  in  no  way  strange  or  novel,  but 
to  those  who  have  mash-tuns  so  exposed  as  to  permit  of 
gi’eat  radiation  without  interior  fittmgs  of  any  kind,  and 
supplied  by  some  simple  exterior  mixer,  I may  suggest 
improved  protection  of  vessel,  underlet  pipes,  naked 
steam  inlet  above  surface  of  goods,  a diminution  of 
mixing  temperature  by  some  ten  degrees,  and  to  comiter- 
balance  this  a combined  application  of  slow  miderlet, 
top  sparge,  and  naked  steam  atmosphere.  Much  may 
be  done  in  these  several  directions  if  the  prmciple  of  the 
suggestions  be  clearly  understood. 

Then  again,  on  setting  tap,  if  the  wort  be  in 
any  sense  crude  or  inferior,  what  can  be  more  dan- 
gerous than  to  distribute  it  into  a number  of  lengths 
without  regard  to  conversion  or  modification  ne- 
cessities ? What  is  more  common  than  to  find 
brewers  boiling  off  the  strong  primary  extract  and 
the  weak  crude  starchy  runnings  m two  different  and 
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distinct  lengths,  mixing  them  together  in  gathering 
vessels  ? Who  has  not  experienced  the  better  fer- 
mentation results  when  dealing  with  beers  of  com- 
paratively high  gravity,  naturally  containing  none  of 
the  inferior  rumiings  spoken  of?  How  comes  it  that 
these  weaker  worts  are  so  inferior  ? 

It  would  not  be  so  if  we  were  all  decoction  brewers. 
Is  it  not  clear  that  barley  malt  contains  a large 
quantity  of  starch  that  is  never  acted  upon  m the 
first  mstance  by  the  diastase,  that  this  same  vitrified 
starch  mider  the  combmed  influence  of  contact  mth 
diastase,  temperature,  and  friction  gradually  becomes 
dismtegrated  and  carried  forward  m suspension,  if 
not  in  solution,  that  it  becomes  soluble  at  the  boiling 
temper atm’e  of  wort,  but  at  a time  when  there  is  no 
chance  of  its  hydration  ? What  is  true  of  starch  is 
equally  true  of  many  other  crude  constituents  of  malt, 
and  if  we  fail  to  modify  them  during  the  primary 
standhig  of  the  mash  we  are  certainly  not  hkely  to 
do  so,  at  any  rate  m complete  manner,  during  extraction 
process. 

What,  then,  is  the  uiference  of  this,  if  we  cannot 
accomplish  in  the  copper  all  that  we  can  arrive  at  in 
the  mash  tmi  ? Let  us,  at  any  rate,  be  sensible,  and 
so  collect  om’  worts  as  to  avoid  the  evil  of  havhig 
present  hi  them  dissolved  starch  and  bodies  that  have 
never  been  efficiently  modified  by  diastase  durmg  the 
mashmg  process.  Let  us  give  up  that  very  absurd 
plan  of  boiling  off  lengths  at  gravities  of  35,  10,  and 
3 lbs.,  and  in  place  of  this  let  us  collect  the  whole 
of  our  wort  in  one  length,  or  distribute  the  stronger 
portion  over  the  several  lengths,  so  as  to  introduce 
hito  each  a distinct  proportion  of  that  active  principle, 
which,  at  any  rate  during  the  collection  of  the  wort 
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for  boiling,  may  exercise  its  ameliorating  energy  on  the 
crude  matters  in  contact  with  it. 

It  must  be  borne  in  mind  that  such  activity  is 
crippled  to  a serious  extent  at  temperatures  over  160°, 
so  that,  when  carrying  out  the  idea  in  question,  it  is 
necessary  to  collect  the  several  lengths,  not  allowing 
them  to  exceed  the  stated  heat  till  quantity  is  secured, 
this  rule  not  applying  to  the  stronger  wort  that  may 
perhaps  have  a gravity  of  28  to  80  lbs.,  and  which 
is  collected  as  a first  copper  charge. 

In  the  chapter  on  brewery  plant,  I specially  referred 
to  retention  vessels,  and  the  use  of  them  will  now  be 
apparent;  but  they  are  not  required  if  our  plant  con- 
sist of  several  coppers,  over  which  the  wort  may  be 
proportionally  divided  from  an  extract  pouit  of  view, 
or  one  sufficiently  large  to  contain  the  whole  length 
at  once.  The  objection  that  loss  of  extract  occurs 
through  boiling  off  in  one  length  on  account  of 
diminution  in  evaporation  bulk,  and  much  extract 
being  retained  by  hops,  falls  to  the  gromid,  if  the 
brewer  adopt  the  principle  of  taking  a liquor  length 
over  the  hops  to  wash  out  the  strong  wort  retained 
therein : and  although  this  process  is  apt  to  give  us, 
perhaps,  too  much  taimin,  it  is,  at  any  rate,  superior  to 
the  plan  of  extreme  washing  of  malt,  sometimes  fol- 
lowed by  abnormal  and  distinct  boiling  lengths,  which 
may  give  a larger  percentage  of  extract,  but  are  not 
commendable  in  any  other  sense. 

Where  party  gyles  are  taken,  it  is  essential  to  have 
two  lengths  of  a varying  gi’avity ; but  even  then  the 
difference  should  not  be  extreme,  and  I think  a much 
better  plan  is  to  make  a careful  calculation  in  the 
original  estimate  for  the  distribution  of  the  entire 
malt  and  sugar  extract  over  several  coppers,  in  order 
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to  give  the  varying  lengths  and  gravities  required — 
i.e.,  brew,  if  you  will,  several  classes  of  beer  on  one 
day  from  a single  mash,  but,  in  place  of  doing  it 
in  the  simpler  way,  let  it  be  done  as  now  suggested. 
There  is  nothing  difficult,  if  we  only  have  the  retention 
vessel  or  roomy  copper  plant  referred  to. 

I have  said  sufficient  to  prove,  I think,  that  the 
old  views  respecting  mashing  are  no  longer  tenable, 
and  while  the  mere  practical  test  of  throwing  200  grains 
of  malt  into  a tumbler  of  water  may  be  useful  as 
proving  its  fitness  or  mifitness  for  use,  I should 
strongly  advise  brewers  to  make  a dead  set  against 
much  of  the  malt  that  they  at  present  purchase 
without  any  knowledge  of  its  real  character.  I contend 
that  a malt  yielding  wort  with  less  than  6 per  cent, 
of  nitrogenous  matter  in  the  dry  extract  is  entirely 
unfit  for  the  purposes  of  the  brewer,  unless  he  is 
prepared  to  work,  like  the  distiller,  with  constant 
changes  of  yeast,  while,  if  obliged  to  use  such 
material,  his  ordinary  infusion  method  of  mashmg  is 
absurdly  incomplete,  and  much  of  the  difficulty  at 
present  experienced  would  be  avoided  if  brewers  could 
make  a preliminary  analysis  of  every  sample  of  malt 
offered  to  them,  and  determine  its  bearing  wdth  the 
polariscope. 

The  uses  of  this  instrument  are  many.  Not  one  is 
more  important  than  the  power  that  it  gives  of  en- 
abling us  to  ascertain  beyond  doubt  the  actual  brewdng 
value  of  malt.  How  malts  vary  in  quality  I have 
already  said ; it  is  their  variation  in  one  special  direction 
that  is  of  the  greater  importance. 

A great  talk  is  made  of  large  and  deficient  extracts. 
The  brewer’s  extract  is  a somewhat  mysterious  figure, 
depending  upon  accm’acy  of  dip  and  gravity,  and 
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includes,  of  course,  the  extract  yielded  by  hops.  I 
have  said  that  that  available  from  malt  is  about 
78  per  cent.,  and  that  the  infusion  brewer  obtams 
about  70  per  cent.,  if  his  malt  be  perfectly  made, 
this  corresponding  to  over  90  lbs.  per  quarter,  while 
practical  results  vary  between  78*0  lbs.  and  90'0  lbs., 
much  of  this  variation  depending  on  inefficient  growth. 

A good  malt  mashed  with  two  barrels  of  liquor  to 
386  lbs.,  or  one  standard  quarter,  will  yield  a mash 
wort  weighing  36  lbs.,  or  containmg  in  each  barrel 
93*6  lbs.  of  solids.  That  is,  in  the  first  mixture  some 
187  lbs.  of  solid  matter  is  taken  into  solution  from 
336  lbs.  malt — in  other  words,  55-6  per  cent.,  al- 
though, of  course,  half  this  is  held  back  by  the  goods 
if  the  wort  be  drami  off.  The  true  mission  of  sparging  Spargin-i. 
is  to  wash  out  a perfect  extract  already  formed ; many 
brewers  utilise  it  for  obtainmg  crude  extract  at  a time 
when  no  modification  or  alteration  is  possible. 

From  what  I have  said  there  appears  little  doubt 
that  improvements  in  practical  brewing  will  of  necessity 
turn  upon  improved  methods  of  effectually  obtaining 
malt  extract  in  suitable  form,  and  the  reason  for  this 
will  appear  more  prommently  as  we  progress  with  our 
subject. 
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CHAPTER  IX. 

BOILING  AND  COOLING. 

The  chapter  that  I devote  to  the  consideration  of  the 
two  operations  of  boiling  and  cooling  must,  of  necessity, 
be  brief,  smce  what  there  is  to  say  on  this  dual  ques- 
tion, although  important,  cannot  be  by  any  possibility 
lengthened  out  into  treatise  form. 

It  has  long  been  known  that  an  unboiled  wort  ex- 
hibits a great  lack  of  stability ; that  even  if  submitted 
to  induced  vinous  fermentation  the  results  would  still 
be  unsatisfactory,  and  nothing  has  been  more  common 
among  practical  brewers  than  a perfect  belief  in  the 
influence  of  an  extended  and  vigorous  boil. 

With  this  lesson  before  them  it  is  somewhat  curious 
to  observe  how  many  have  introduced  steam  as  the 
agency  for  effectmg  ebullition.  Whatever  its  economy 
may  be,  no  one,  I suppose,  would  contend  that  steam 
heat  corresponding  to  280°  or  240°  Fahrenheit  could, 
in  any  sense,  have  the  same  power  of  caramehsmg  and 
cooking  as  a direct  Are  temperature  three  or  four  times 
as  high. 

Now,  what  is  it  that  we  attempt  to  accomplish  by 
boiling  ? First  of  all,  we  concentrate  wort ; secondly, 
a considerable  quantity  of  nitrogen  compoimds,  coagu- 
lable  below  the  boiling  point  of  water,  are  thrown  out 
of  solution  in  flocculent  shape,  while  a further  quantity 
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are  precipitated  by  oxidation,  which  takes  place  at  the 
high  temperature  if  oxygen  be  present,  and  this  is 
always  so  if  the  boil  be  at  all  violent  so  as  to  cause 
breaking  of  the  head,  to  say  nothing  of  the  influence 
of  the  several  forms  of  dome  and  fomitain  arrangements 
spoken  of ; lastly,  hop  extract  is  split  up  into  its  several 
constituents — bitter  pruiciple,  oil,  and  resmous  matter, 
these  being  more  or  less  taken  into  complete  solution 
by  the  malt  extract. 

This  question  of  hop  extract  is  no  unimportant  one, 
since  the  solution  of  it  is  no  easy  matter,  as  manufac- 
turers of  the  natural  concentrated  extract  of  hops  can 
testify,  and  it  will  be  found  that  somewhat  prolonged 
ebullition  is  necessary,  in  order  to  accomplish,  first,  the 
splitting  up  of  the  extract,  secondly,  its  solution.  As 
is  well  known,  the  brewer  does  not  succeed  in  attaining 
complete  solution,  smce  his  wort,  as  it  cools,  carries 
upon  it  a film  of  resinous  matter  and  oil,  this  being 
more  than  usually  apparent  when  new  hops  are  in  use, 
which  are,  of  com’se,  excessively  rich  in  oleaginous 
matters. 

Over  and  beyond  influences  of  this  kind,  prolonged 
boiling  induces  partial  caramelisation  of  wort  extract, 
and  not  only  gives  flavour  to  it,  but  undoubtedly  fits 
the  ferment  forming  portion  of  it  for  the  after  office 
that  it  has  to  fulfil.  It  will  thus  be  seen  why  no  mere 
simmering  answers,  and  why,  in  order  to  attain  full 
benefit,  the  ebulhtion  must  not  only  be  prolonged,  but 
kept  as  vigorous  as  possible  short  of  leading  to  any 
unpleasant  disintegration  of  the  hop  leaf. 

It  is  probable  that  without  hops  wort  might  be 
boiled  for  very  lengthy  periods  and  suffer  no  injury, 
but  as  it  is  usual  to  introduce  nearly  the  whole  of  the 
hops  before  commencing  to  boil,  a limit  is  fixed,  smce. 
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if  prolonged,  we  not  only  lose  too  large  a quantity  of 
the  aromatic  constituents,  intensify  hop  flavour,  rank 
and  bitter  by  comparison,  but  dismtegrate  the  use- 
less principles  of  the  entire  bop-flower,  leadbig  to  mi- 
pleasant  turbidity  of  wort,  and  eventual  excessive 
deposit  with  correspondbig  impm’ity  of  yeast  during 
fermentation. 

The  usual  boibng  period  is  some  2^  hours,  and  in 
every  case  a vigorous  boil,  without  reference  to  extent 
of  evaporation,  should  take  place.  As  remarked  in 
dealing  with  plant  arrangements,  diminution  in  bulk 
by  evaporation  varies  within  wide  limits,  and  I do  not 
like  to  suggest  it  as  an  evidence  of  vigorous  boilmg,  as 
I am  by  no  means  certain  that  it  is  always  advisable  to 
facilitate  it,  and  in  those  mstances  where  extreme 
evaporation  results,  I am  nearly  sm’e  that  it  is  under 
the  mfluence  of  a lessened  surface  pressure  caused  by 
the  pecuhar  top  arrangement  of  boiling  back  or  closed 
pan. 

It  is  most  mifortunate  that  pressure  caimot  be  em- 
ployed without  increase  of  boiling  temperature,  since 
there  is  no  doubt  that  its  influence  duruig  ebullition,  as 
dmring  other  processes  of  more  complex  natm’e,  would 
be  sensibly  felt  by  the  brewer.  It  is  a mechanical 
question,  which  some  day  may  be  solved  in  a satis- 
factory mamier.  As  the  case  now  stands,  pressure 
prevents  ready  convexion,  leads  to  increased  boilmg 
temperature,  and  practical  burnmg  of  wort,  so  that 
closed  coppers,  and,  as  a matter  of  fact,  deep  coppers 
of  small  diameter  are  no  longer  to  be  found  in  pale  ale 
breweries,  although  their  usefuhiess  in  communicatmg 
flavour  during  the  boibng  off  of  black  beers  is  very 
marked,  and  I have  heard  it  stated  that  the  whole 
secret  of  the  original  flavour  of  London  porter  turned 
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upon  the  almost  accidental  use  of  very  deep  domed 
coppers  working  under  pressm-e. 

If  there  be  truth  in  this,  it  only  enhances  what  I 
have  said  respecting  the  ineffectual  influences  of  ebulli- 
tion promoted  by  steam,  and,  as  I personally  know  that 
many  serious  disasters  have  been  entirely  due  to  this 
fact,  I cannot  too  strenuously  urge  brewers  to  look 
upon  boiling  as  one  of  the  most  important  stages  of 
their  process,  leading  to  those  results  that  I have  de- 
scribed, only  when  the  temperature  promotmg  ebulhtion 
is  sufficiently  intense. 

The  well-boiled  wort  filtered  from  hops  and  coagu- 
lated precipitate — and  what  this  amounts  to  is  seen 
under  the  false-bottom  plates  of  hop-back — left  on 
cooler-floor  exposed  at  shallow  depth  to  the  air,  mider- 
goes  not  only  evaporation,  but  various  other  mechanical 
and  chemical  changes : the  former,  represented  by  its 
increasing  clouduiess,  due  to  much  of  the  solid  matter 
appearing  in  a state  of  semi,  as  opposed  to  complete, 
solution,  and  the  precipitation  of  some  portions  of  it  as 
sedimentary  deposit ; the  latter,  a change  promoted  by 
the  fact  that  at  high  temperatures  wort  is  capable  of 
absorbing  oxygen,  not  holding  it  in  solution,  but  actu- 
ally taking  it  mto  combination  with  certain  of  its 
oxidisable  constituents. 

There  can  be  no  doubt  about  the  advantage  of  this, 
and  I think  it  is  Pasteur  who  proves  that  a wort  will 
filter  perfectly  bright  when  cold  if  it  has  been  cooled  in 
contact  with  air,  while  it  strenuously  refuses  to  do  so 
if  reduced  in  temperature  out  of  contact  with  the 
atmosphere — i.e.,  the  oxygen  taken  into  combination 
at  the  high  temperature  of  the  cooling-floor  throws  out 
of  solution  matter  of  nitrogenous  type,  that  otherwise 
interferes  with  mechanical  filtration,  and  experience 
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shows  US  that  bodies  of  this  type  impede  the  eventual 
clarification  of  beer. 

CTOiers  a neoes-  There  can  be  no  question,  then,  that  coolers,  even 
in  these  days  of  economical  and  powerful  refrigerators, 
are  of  great  utility,  and  there  is  only  one  statement  to 
make  in  reference  to  them  from  the  biological  point  of 
view.  We  are  taught  in  studies  on  fermentation  that 
as  long  as  wort  is  at  a high  temperatm’e  it  will  remain 
sound,  but  when  under  158°,  and  particularly  when 
between  77°  and  99°,  it  is  open  to  the  ravages  of  aerial 
ferments  of  the  lactic  and  butyric  types.  This  will 

^oxy  fermenta-  explain  the  meaning  of  the  old  term  foxy  fermentation, 
the  peculiar  white  creamy  froth  starting  generally  from 
the  sides  of  the  cooler  and  the  wort  itself  appearing 
red  in  colour,  being  the  practical  signs.  It  is  probable 
that,  as  a matter  of  fact,  foxy  fermentation  was  due  to 
the  development  of  aerial  ferments  in  the  pores  of  the 
wood  of  the  cooler  so  soon  as  the  temperature  of  the 
wort  sank  sufficiently  low,  so  long  as  its  higher  tem- 
perature had  not  in  any  way  crippled  their  activity, 
which  it  would  not  do  by  mere  contact  with  the  wood 
surface. 

There  is  no  danger  of  any  such  result  if  coolers  be 
kept  thoroughly  clean,  occasionally  scoured  with  equal 
mixtures  of  lime  and  chloride  of  lime,  and  if  the  wort 
itself  be  quickly  refrigerated  after  it  has  once  dropped 
to  the  higher  temperature  of  150°  mentioned.  Besides 
this,  there  is  practically  very  little  danger  mvolved  in 
exposing  worts  for  a reasonable  time  at  very  moderate 
temperature,  and  as  a matter  of  fact  a useful  action 
goes  on,  since  oxygen,  no  longer  taken  mto  combina- 
tion, is  just  as  readily  dissolved,  and  what  this  means 
will  appear  as  we  proceed  with  the  next  chapter. 

Eefriperator  Tliose  wlio  have  watched  wort  ripplmg  over  refrige- 
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rator  surfaces  cannot  fail  to  have  been  struck  with  the 
film  of  sohd  matter  which  adheres  to  the  corrugated 
sheet  of  metal ; it  is  one  of  the  useful  offices  of  the 
cooler  to  facihtate  collection  of  a deposit  of  a hke 
nature,  since  passing  forward  to  the  fermentmg  tun,  it 
can  but  lead,  not  to  the  nutriment,  but  to  the  impurity 
of  yeast. 

It  is  the  sudden  drop  in  temperature  on  surface  of 
refrigerators  that  throws  the  last  remainmg  portions 
of  this  oxidised  matter  out  of  solution,  and  identically 
the  same  land  of  action  is  proceeding  from  the  moment 
that  the  wort  leaves  the  copper.  It  is  hardly  necessary 
to  speak  of  the  old-fashioned  fans,  although  they  were 
abolished  without  good  reason,  and  from  what  I have 
said  it  is  evident  that  a constant  change  of  atmosphere 
over  and  above  the  cooling  wort  cannot  but  be  of  con- 
siderable advantage,  causing  a ripple  of  the  fluid, 
increased  evaporation,  and  a greater  combination  with 
oxygen. 
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CHAPTEE  X. 

FERMENTATION. 

It  is  in  this  chapter  that  I shall  have  to  dip  at  once 
into  advanced  theories,  and  it  would,  I thmk,  be  absurd 
on  the  face  of  it  to  attempt  any  brief  description  of  a 
subject  that  is  of  vital  importance  from  every  pomt  of 
view,  for  by  fermentation  we  attam  results  that  have 
long  been  known  as  giving  to  beer  its  flavour,  stability, 
and  characteristic  quality,  and  this  by  a means  too 
little  studied,  too  little  thought  of  in  the  rough  daily 
work  of  the  brew-house.  Long  before  Pasteur  YTote 
on  the  subject  of  fermentation,  Contmental  brewers, 
always  in  the  van,  as  it  appears,  had  devised  a method 
of  fermentation  that  is,  as  a matter  of  fact,  the  very 
system  that  is  so  rapidly  displacing  the  old-fashioned 
schemes  that  previously  held  ground,  although  it  is 
only  recently  that  true  light  has  been  thrown  upon  the 
subject.  I purpose  explainhig,  first  of  all,  the  theory 
of  fermentation,  applymg  this  theory  to  all  the  practical 
operations  that  take  place  in  our  fermenting  vessels, 
and  to  all  the  changes  that  beer  is  subject  to  durmg 
storage  hr  cask  or  vat. 

Up  to  within  very  recent  years  the  term  fermentation 
was  applied  in  chemistry  to  a peculiar  metamorphosis 
of  a complex  organic  substance  by  a transposition  of 
its  elements  mider  the  agency  of  an  external  distm’bing 
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force,  resembling  those  obscure  phenomena  of  contact 
action  to  which  the  term  “ catalysis  ” has  been  applied. 
The  theory  of  Liebig  on  the  subject  was  very  popular, 
not  only  among  brewers,  but  among  chemists  ; and 
although  strictly  hypothetical,  it  seemed,  at  any  rate, 
to  be  confirmed  both  by  facts  and  apparent  results. 

It  had  for  years  been  noticed  that  the  fluids  which 
underwent  spontaneous  change  the  most  readily  were 
those  that  contained  azotised  or  nitrogenous  con- 
stituent bodies;  which,  in  a moist  condition,  were 
known  to  putrefy  with  great  ease.  Liebig’s  idea 
was  that  when  such  bodies  happened  to  exist  in 
contact  with  air,  that  they  underwent  oxidation — 
chemical  change — and  induced  a similar  state  of 
change  in  other  bodies  of  low  stabihty,  such  as 
sugar,  present,  the  sugar  splitting  up  into  simpler  and 
more  permanent  form.  In  other  words,  azotised 
matter,  in  a state  of  change,  midergoing  what  was 
termed  a molecular  disturbance,  induced  a similar 
action  in  bodies  of  the  tertiary  series,  so  that 
Liebig’s  view  of  fermentation  was  strictly  a chemico- 
physical  one,  and,  as  such,  it  served  to  explain 
theoretically  one  and  all  of  the  many  changes  that 
take  place  after  wort  is  “ set  on  ” for  fermentation. 

Ferments,  then,  according  to  Liebig’s  view,  were 
simply  nitrogenous  matter  in  different  states  of  change, 
varying  degrees  of  molecular  disturbance,  at  one  time 
acting  as  vinous  ferment,  at  another  as  lactic,  acetic, 
viscous,  putrid,  and  so  forth  ; and  it  was  this  eminent 
chemist  who  undoubtedly  suggested  that  method  of 
fermentation  which  is  practised  at  the  present  day 
abroad,  and  which  turned  then,  as  now,  upon  lowness 
of  temperature  and  free  exposure  of  the  fermenting 
wort  to  air,  so  that  azotised  matters  would  suffer 
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oxidation  and  be  thrown  out  of  solution,  as  so-called 
yeast,  without  any  danger  of  such  matter  acting  as 
acetous  acid,  ferment,  or  direct  oxidation  of  alcohol 
taking  place. 

This  theory  was  kept  prominently  before  the  brewing 
world  ; it  was  the  cause  of  closed  fermenting  vessels 
being  adopted,  and  the  dread  of  all  surface  exposure,  so 
long  as  the  existing  temperature  was  such  as  to  permit 
of  the  alcohohc  oxidation  change.  Fermentation  was 
induced  by  the  addition  of  so-called  ferment  so  as  to 
determine  its  character,  lest,  if  spontaneous  formation 
of  ferment  were  awaited  for,  the  extent  of  molecular 
disturbance  might  perchance  be  active  in  a wrong 
dhection ; and  it  was  dangerous,  for  this  reason,  to 
leave  any  excess  of  nitrogen  compomids  unremoved. 

Liebig  made  a pomt  of  this  in  his  suggestions  to  the 
Bavarian  brewers,  showhig  how  they  could  carry  on 
prolonged  fermentation  at  the  low  temperature,  m 
order  to  remove  albummous  matter  by  oxidation,  while 
steering  clear  of  the  other  unpleasant  result  that  would 
have  been  possible  in  the  azotised  alcoholic  fluid  at  a 
higher  temperature. 

Acidity  agam,  according  to  this  view,  resulted  from 
the  catalytic  oxidised  nitrogenous  constituent  of  beer 
attackmg  the  alcohol  itself  as  soon  as  the  larger  pro- 
portion of  sugar  had  disappeared,  and  from  first  to  last 
Liebig’s  theory,  hypothetical  as  it  was,  sufficiently 
answered  the  brewers’  purpose,  and  it  is  only  givmg 
honour  where  honour  is  due  in  distmctly  naming  him 
as  the  first  to  attempt  a chemical  explanation  of  fer- 
mentation, and  then  to  show  how  his  theory  might  be 
turned  to  practical  usefulness. 

One  is  almost  sorry  to  say  that  such  theory  is  an 
exploded  fallacy,  that  it  is  at  the  present  time  almost 
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forgotten,  or  at  any  rate  hardly  ever  referred  to  in 
books  on  the  subject  of  brewing,  while  m its  place  we 
have  the  far  more  interesting,  complex,  and  important 
theory  of  M.  Pasteur,  which  may  be  described  as  vital 
as  opposed  to  the  mere  chemico-physical  idea  of  Liebig. 

No  one  supposes  for  a moment  that  all  the  honour 
belongs  to  Pasteur.  He  grouped,  as  I may  express  it, 
the  ideas  of  several  microscopical  observers,  and  came 
to  a certain  clear  and  definite  opinion  as  to  their 
meaning ; or,  in  other  words,  seeing  that  fermentable 
fiuids  threw  down  during  their  fermentation  an  or- 
ganised as  distinct  from  a mere  non-organised  deposit, 
he  traced  the  true  connection  between  cause  and  effect, 
and  proved,  by  a series  of  brilliant  experiments,  that 
fermentation  was  due  to  the  development  of  actual 
cell  life,  of  which  the  deposit  in  wort  and  beer  was 
found  largely  to  consist. 

It  is  necessary  at  the  outset  to  put  an  end  at  once  to 
any  doubt  or  scepticism  on  the  subject  of  these  two 
theories,  and  there  is,  perhaps,  no  simpler  experiment 
than  the  one  adopted  to  prove  the  untenable  nature  of 
the  older  view. 

If  fermentation  be  due  to  oxidising  azotised  matter 
acting  by  catalytic  influence  on  the  tertiary  sugar,  such 
action  should  result  in  a boiled  fluid  of  this  complex 
nature  exposed  to  an  atmosphere  of  pure  oxygen  or  air. 
It  is  hardly  needful  for  me  to  say  that  it  does  not. 

The  most  putrescent  fluids  known  boiled  for  a 
moment  and  cooled  in  a pure  atmosphere  would  re- 
main under  such  conditions  unchanged,  no  matter 
how  rich  they  might  be  in  Liebig’s  basis  of  ferments, 
and  this  expression — pure  atmosphere — will  be  seen  to 
have  no  unimportant  bearing  upon  the  subject  we  are 
about  to  discuss ; for  if  fermentation  be  due,  as  it  most 
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assuredly  is,  to  the  development  of  cell  life,  we  may 
well  ask  ourselves  from  whence  does  this  life  appear, 
and  how  can  we  prove  that  it  is  not  of  spontaneous 
development. 

The  means  adopted  for  arriving  at  a pure  atmosphere 
almost  solve  the  problem.  There  are  two  methods 
commonly  employed  for  purifying  the  air  we  breathe 
without  actually  destroying  the  aerial  dust  it  contams. 
We  may  either  filter  the  air  through  cotton  wool  or  by 
arranging  absolute  quiescence  allow  of  the  aerial  dust 
depositing  by  reason  of  its  own  preponderance,  while 
an  equally  simple  method  is  to  pass  the  air  through 
tubes  at  such  a temperature  as  merely  to  leave  mide- 
stroyed  the  saline  portion. 

It  is  this  aerial  dust — which  every  one  some  time  or 
other  has  seen  when  standing  in  a room  where  the 
direct  ammays  are  penetratuig — that  carries  in  dormant, 
dry,  and  even  microscopically  mmute  form  the  germs  of 
these  ferments  that  cause  not  only  vuious  fermentation, 
but  lactic,  viscous,  and  other  more  advanced  putre- 
factive changes. 

It  is  this  one  fact  that  troubles  the  mmd,  perhaps, 
of  the  young  beghmer.  He  is  apt  to  smile  at  the 
statement  that  the  ordinary  aerial  dust  is  absolutely  the 
basis  of  that  thick  viscid  yeast  he  is  in  the  habit  of 
seeing,  and  yet  nothing  is  simpler  to  prove,  nothing  so 
confirmatory  of  Pasteur’s  theory  when  once  practical 
evidences  are  secm-ed. 

Now,  I do  not  wish  to  imply  that  the  atmosphere  is 
teeming  ■with  germs  of  ferment  life ; nothmg  of  the 
kind.  They  are,  indeed,  very  miequally  distributed,  so 
much  so  that  it  would  be  possible  to  expose  ferment- 
able fluids  in  certam  districts  where  the  air  is  natm'ally 
very  pm’e,  or  on  the  other  hand  absolutely  quiescent. 
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without  fermentation  taking  place.  As  a matter  of  fact 
the  germ  of  vmous  ferment  seems  to  be  less  equally 
spread  than  others,  to  judge  by  the  result  when  ex- 
posing azotised  albuminous  substances  to  the  air, 
although  this  statement  is  somewhat  handicapped  by 
one  in  connection  with  the  spontaneous  fermentation  of 
grape  juice  which  I shall  almost  immediately  discuss. 

We  have  thus,  in  a few  words,  arrived  at  the  origm 
of  ferment  cell  life  ; and  I may  now  ask.  What  are  the 
conditions  of  development  ? in  other  words.  What 
causes  these  dormant  germs  to  develop  into  actual 
cells  ? the  cells  we  are  accustomed  to  see  by  the  aid 
of  the  microscope  ? Briefly  put,  warmth,  moisture,  and 
the  presence  of  azotised  and  carbohydrate  nutriment 
suffice  to  at  once  facilitate  actual  fermentation. 

So  far  I have  been  digressing  somewhat,  but  my  con- 
tention is  that  the  actual  quiescence  of  a fermentable 
fluid,  if  itself  sterilised  by  boiling,  when  placed  in  an 
atmosphere  from  which  the  organic  dust  has  been 
removed  by  one  of  the  three  methods  named,  suffices  to 
show  that  azotised  and  carbohydrate  fluids  have  no 
fermentable  capacity  per  se,  but  simply  comport  them- 
selves as  suitable  soil  for  the  development  of  ferments, 
the  seed  of  which  exists  in  the  atmosphere  prior  to  its 
purification. 

The  confirmmg  experiment  is  simply  to  introduce 
some  of  the  dust  collected  by  filtration  into  an  azotised 
wort  that  has  remamed  quiescent,  proving  its  sterility, 
for  a considerable  period.  In  a very  short  time,  if  the 
fluid  be  aerated  and  kept  moderately  wai’m,  tm’bidity 
will  result,  a deposit  will  be  thrown  down,  and  if  we 
examine  this  we  shall  find  it  composed  of  a mixture  of 
ferments,  that  predominating  depending  upon  the  exact 
conditions  of  development.  Now,  what  does  this  all 
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mean,  in  reference  to  the  old  phrase — spontaneous 
fermentation  ? 

The  popular  idea  was,  and  we  have  seen  how  it  was 
theoretically  explamed  by  Liebig,  that  azotised  fluids 
spontaneously  underwent  alcohohc  fermentation  without 
the  uitervention  of  any  outside  agency ; and,  if  people 
Imew  a little  chemistry,  an  addendum  was  tacked  on  to 
the  effect  that  the  actual  cause  of  this  depended  upon 
one  of  those  mysterious  chemical  catalytic  influences,  of 
which  previous  examples  were  known ; or,  m other 
words,  azotised  matter  undergoing  oxidation  uaduced, 
by  mere  contact  action,  a disturbance  in  the  equilibrium 
of  sugar,  so  that,  according  to  this  view,  fermentable 
substances  were  those  havuig  a low  degree  of  stabihty, 
which  could  be  put  an  end  to  by  mere  contact  influence. 

The  experiment  mentioned  above  proves  the  unten- 
ability  of  such  theory  ; and  there  is  another  more  con- 
vincing one,  perhaps,  that  will  be  explained  later  on,, 
so  that  the  term  spontaneous  fermentation  at  the 
present  time  refers  to  changes  which  are  not  directly 
induced  by  what  may  be  termed  the  art  of  man — i.e., 
not  brought  about  by  the  direct  introduction  of 
developed  ferment  life. 

The  followers  of  Liebig,  loath  to  give  up  the  old 
physico-chemical  theory,  seemed  inclined  for  a time 
to  fall  back  upon  what  is  termed  the  idea  of  hemi- 
organism.  It  was  quite  evident  that,  as  the  deposit 
in  azotised  fluids  consisted  of  apparently  organised 
cells,  some  xnodification  of  the  original  crude  idea  of 
oxidised  albumen  exercising  ferment  power  was  abso- 
lutely necessary,  and  they  suggested  that  such  matter 
had  a power  of  self-organisation  ; in  other  words,  life 
could  result  without  the  intervention  of  vitality. 

This,  Hke  the  more  crude  view,  was  easily  dis- 


MODEEN  BEEWING. 


155 


proved  by  that  convincing  experiment  made  by  Pasteur, 
wberein  be  sbows  tbat  yeast  could  actually  develop 
in  the  entire  absence  of  nitrogenous  food,  so  long  as 
we  suppbed  the  necessary  nitrogen  in  mineral  form. 

Looking  at  the  subject  as  a whole,  it  is  perfectly  easy 
to  see  that  the  only  meaning  of  spontaneous  change  at 
the  present  time  is  change  induced  under  the  influence 
of  aerial  ferments  not  introduced  in  developed  form, 
but  naturally  subsiding  as  a component  part  of  aerial 
dust  into  fluids  left  exposed  to  the  air.  If  the  fluid  be 
a non-fermentable  one,  no  change  takes  place,  while 
rapidity  of  change  hinges  upon  the  conditions  before- 
named. 

Why,  then,  cannot  brewers  rely  upon  spontaneous 
fermentation  ? Why  have  they,  too,  so  carefully  cul- 
tivated and  selected  their  pitching  yeast?  I simply 
answer,  because  a brewer’s  wort  is  unfortunately  a 
fertile  field,  not  only  for  vinous,  but  other  forms  of 
ferment  life ; on  the  other  hand,  successful  spon- 
taneous fermentation  is  practically  accomplished,  nay, 
has  been  accomplished,  even  in  the  case  of  wort  itself, 
but  the  more  common  example  of  it  is  seen  in  the 
case  of  grape  juice,  which  is  always  fermented  spon-  Grape  juice, 
taneously. 

The  juice  of  grapes,  as  is  weU  known,  is  exceedingly 
rich  in  fermentable  sugar,  and  contams  besides  a con- 
siderable quantity  of  acid  tartrate  of  potash,  which  is  Tartrate  of 
loiown  to  exercise  a very  powerful  influence  in  facili- 
tating fermentation.  Exposed  to  the  air  without  the 
shghtest  care  fermentation  results,  and  if  we  collect 
the  deposit  and  submit  it  to  microscopical  examina- 
tion we  shall  find  it  to  consist  entirely  of  vinous 
ferments. 

Let  me  be  clearly  miderstood  on  this  point,  as  it  will  Aerial  dust. 


156 


THE  THEOEY  AND  PEACTICE  OP 


Tartrates  pre- 
servative. 


Origin  of 
brewers’  yeast. 


Necessary  ali- 
ment of  yeast. 


Oxygen  essen- 
tial. 


save  a good  deal  of  trouble  hereafter.  Ordinary  aerial 
dust  has  deposited  hi  the  grape  juice,  and  we  cannot 
for  a moment  suppose  that  germs  of  alcoholic  ferment 
have  alone  fomid  entry.  What  then  is  the  inference  ? 
The  juice  of  the  grape,  by  its  ready  fermentabihty, 
richness  in  sugar,  poverty  in  low  types  of  nitrogenous 
matter,  and  richness  in  tartrates,  exercises  an  actual 
determinmg  mfluence  as  to  the  variety  of  ferment  life 
that  develops,  so  one  type  of  ferment  alone  finds  itself 
existing  in  a nutritive  medium. 

On  the  other  hand,  the  brewer’s  wort  exhibits  no 
such  capacity ; rich  in  sugar  it  may  be,  but  it  also  con- 
tams  much  albuminous  matter  and  no  tartrates,  and, 
exposed  like  grape  juice  to  the  air,  we  should  in  the 
majority  of  cases  find  a deposit  of  a totally  different 
natm’e.  At  the  same  time,  brewers’  yeast  of  the  pre- 
sent day  is  simply  the  cultivated  outcrop  from  an 
original  spontaneous  development  of  ferment  life,  its 
origin,  the  germs  of  ferments,  existing  ui  the  atmo- 
sphere combined  with  aerial  dust,  an  outcrop  which  m 
a long  series  of  years  has  been  modified  and  purified 
mider  different  controllmg  influences,  by  cultivation  m 
varymg  worts  at  different  temperatures  in  different 
forms  of  plant,  until  at  last  it  has  arrived  at  the  end- 
less kinds  of  store  or  pitchmg  yeast,  not  only  to  be 
found  in  the  great  brewing  centres  of  England,  but 
also  m those  of  the  Continent  and  America. 

I have  purposely  said  that  the  necessary  aliment  of 
cell-life  may  be  classed  as  carbo-hydrate,  nitrogenous, 
and  salme,  for  I was  anxious  to  leave,  till  the  present 
moment,  a consideration  of  the  exact  coimection  that 
exists  between  oxygen,  or  air  contaming  oxygen,  as  a 
controlling  mfluence  m reference  to  fermentation,  since 
it  is  not  only  of  deep  importance  as  regards  a theo- 
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retical  explanation  of  the  subject,  but  is  practically 
most  interesting  in  a variety  of  ways. 

The  fact  that  vegetable  life  requires  the  presence  of 
air  is  so  popularly  known  that  there  is  nothing  strange 
in  the  assertion  that  even  minute  cellular  plants  live 
only  in  its  presence,  but  so  far  as  fermentation  is  con- 
cerned, the  power  of  the  small  cell  to  act  as  a ferment 
essentially  depends  upon  its  capacity  of  living  for  a time 
out  of  contact  with  air,  securing  its  necessary  supply  of 
oxygen  bom  some  carbo-hydrate  body,  such  as  sugar, 
that  contains  it ; thus  the  fermentable  body  is  the  one 
capable  of  yielding  its  oxygen  , the  ferment  is  the  cell 
endowed  with  the  power  of  seizing  upon  it,  and  the  true 
alcoholic  ferment  is  that  special  form  of  cell  that  in 
seizing  upon  the  oxygen  of  sugar  splits  that  sugar  up 
into  definite  proportions  of  alcohol  and  carbonic  acid 
(180  parts  by  weight  of  sugar  yielding  92  parts  of 
alcohol  and  88  of  carbonic  acid). 

It  is  in  this  special  direction  that  the  power  of  yeast 
seems  so  extraordurary,  since  in  ordinary  vegetable 
growths  there  is  a distmct  connection  between  the 
food  assimilated  and  the  bulk  of  resulting  plant,  while 
in  the  case  of  this  mhiute  cellular  body  there  appears 
to  be  the  greatest  disproportion,  for  what  is  more  prac- 
tically strildng  than  the  result  of  introducing  2001bs. 
of  fluid  yeast  into  100  barrels  of  a 301b.  beer  ? During 
the  fermentation  of  such  a beer  some  521bs.  of  solid  Weight  of  solids 

split  up  during 

matter  would  be  split  up  hr  the  case  of  each  barrel  fermentation, 
bulk,  while  the  21bs.  of  fluid  yeast  might,  if  reproduc- 
tion were  satisfactory,  become  16,  or  even  more. 

There  thus  seems  little  connection  between  solids 
decomposed  and  resulting  yeast  reproduction,  and,  so 
far  as  vegetable  life  is  concerned,  it  is  quite  abnormal. 

It  is,  indeed,  in  considering  the  subject  of  air  in  refer- 
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enee  to  cell  life  that  we  master  the  whole  secret  of 
different  forms  or  systems  of  fermentation. 

We  need  not  trouble  ourselves  with  the  fact  that  the 
power  of  seizing  upon  combined  oxygen  cannot  be 
ascribed  alone  to  the  variety  of  cells  we  brewers  are 
accustomed  to  cultivate.  It  is  perfectly  true  that  many 
cellular  organisms,  suddenly  cut  off  from  free  air  supply, 
exhibit  a similar  capacity,  at  any  rate  for  a time — the 
experiment  of  hanging  grapes  in  an  atmosphere  of  car- 
bonic acid  being  the  ordinary  method  of  determining 
such  action,  but  we  can  leave  such  questions  for  the 
scientist,  simply  remembering  that  when  sugar  is  de- 
composed mider  such  circumstances,  the  proportion  of 
alcohol  formed  is  distinctly  different  from  that  normal 
to  true  fermentation. 

Now  let  me  refer  again  to  the  important  question  of 
oxygen.  I have  said  that  a true  alcoholic  ferment  has 
the  power  of  obtaining  its  necessary  oxygen  from  sugar, 
and  it  is  for  this  reason  that  it  passes  under  the  name 
of  an  anaerobian  ferment  as  distinct  from  aerobian 
cells,  i.e.,  its  normal  condition  of  development  is  out  of 
contact  with  air,  but  it  must  not  be  understood  that 
constant  development  can  take  place  mider  such  cir- 
cumstances. At  certain  stages  contact  with  free  oxygen 
is  absolutely  requisite,  notably  in  the  earher  stage  of 
development,  whether  it  be  when  the  germ  is  enlarging 
to  cell,  or  when  the  bud  of  the  mother  cell  first  de- 
taches itself. 

If  my  meaning  be  grasped  so  far,  what  result  would 
follow  if  free  oxygen  or  air  were  continually  supplied  ? 
The  developing  cells  would  simply  reproduce  themselves 
with  greater  rapidity  on  the  carbo-hydrate,  azotised, 
and  saline  food  present,  but  as  no  seizm-e  of  combined 
oxygen  would  take  place  in  the  true  sense  of  seizure. 
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tlie  action  would  be  one  of  vegetable  respiration  without 
formation  of  alcohol,  without,  hi  short,  fermentation. 

Let  us  go  a step  fuidher.  The  nutriment  of  yeast  of  a^ra- 
developed  as  we  have  seen  from  original  germ  life  is 
largely  nitrogenous  in  natmre,  so  that  if  we  increase 
the  development  of  yeast  by  supplying  air,  we  naturally 
enable  it  to  remove,  in  the  shape  of  nutriment,  larger 
proportions  of  azotised  matter,  and  cannot  my  readers 
at  this  point  see  the  practical  meaning  of  such  a state- 
ment? that  by  supplying  air  to  yeast,  even  beyond 
what  is  absolutely  necessary  for  its  life,  its  power  as  an 
alcohohc  ferment  is  dimmished,  its  property,  of  self- 
reproduction and  by  such  development,  of  removing 
albuminous  matter  by  assimilation  vastly  increased. 

Now,  for  a moment,  let  me  retrace  my  steps,  and 
let  me  ask  how  we  describe  fermentation.  Does  not 
this  passage,  the  wording  almost  of  Pasteur  himself, 
explain  it  ? 

Fermentation,  by  means  of  yeast,  is  essentially  con-  Eennentatioii 

described. 

nected  with  the  property  possessed  by  minute  cellular 
plants  of  performing  respiratory  functions,  with  oxygen 
existing,  as  combined  in  sugar,  and  that  its  power,  as  a 
ferment,  is  not  to  be  gauged  by  the  quantity  of  sugar 
decomposed  in  a given  time,  but  by  the  degree  of 
capacity  it  has  of  living  out  of  contact  with  free  oxygen, 
the  power  of  yeast  being  entirely  independent  of  the 
time  during  which  it  performs  its  functions. 

How  can  we  apiily  this  theory,  so  novel,  so  accurate 
in  all  its  complex  details,  so  easy  of  proof,  to  all  the 
ordinary  processes  of  the  brewer  ? If  nitrogenous 
matter  be  necessary  to  the  development  of  yeast,  has 
not  its  quality  or  condition  something  to  do  with  the 
variety  of  ferment  that  will  develop  ? Can  we  suppose  Atmospheric 
that  the  atmosphere  of  the  brewery — nay,  the  very  ^erms. 
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pitching  yeast  the  brewer  employs — is  conveniently  free 
from  the  germs,  if  not  the  developed  ferments,  corre- 
sponding to  lactic  acid  and  putrid  changes  ? Nothing 
of  the  kind.  They,  at  any  rate,  are  always  present,  and 
it  needs  but  the  necessary  condition  of  azotised  matter 
to  promote  their  appearance. 

Take  some  cold  water  malt  extract,  the  albumhious 
matter  of  which  has  never  been  peptonised  or  cooked 
in  the  moist  condition,  see  what  form  of  ferment  life 
will  appear,  even  if  we  directly  impregnate  such  a fluid 
with  our  so-called  alcoholic  yeast.  Verily,  it  will  be  a 
mixture  largely  consisting  of  lactic  and  acid  ferments, 
simply  because  the  conditions  of  development  oppose 
the  growth  of  the  added  yeast,  so  far  as  its  alcohohc 
cells  are  concerned,  and  aid  that  of  the  acid  filaments. 
For  this  reason,  the  absolute  condition  of  azotised 
matter  is  of  immense  importance. 

What  influence  has  temperature  ? Below  50°  Fht. 
it  is  very  rare  that  we  find  ready  growth  of  any  but 
true  alcoholic  cells,  below  40°  never,  while  at  high 
temperatures,  over  70°,  the  conditions  of  heat  are  more 
favourable  to  the  growth  of  acid  ferments  than  alcoholic 
cells,  and  they  increase  accordingly. 

Why  do  we  attenuate  beer?  Simply  because  the 
unattenuated  wort  is  rich  in  nitrogenous  matter,  conse- 
quently unstable,  not  so  much  in  the  direction  of  deter- 
mining alcoholic  character  of  fluid  as  acidity  and 
putrefaction. 

We  remove  such  excess — ^how  ? By  determining 
vigorous  alcohohc  change,  and  continue  it  tiU  we 
have  removed,  under  the  influence  of  the  developmg 
yeast,  the  excess  of  azotised  matter,  diminished  ferment- 
ability  by  sugar  transformation,  and  added  a further 
stability  by  arriving  at  the  usual  alcoholic  percentage. 
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Why  do  hops,  or  their  extract,  add  to  the  keeping 
properties  of  such  a fluid  ? Hop  extract  is  astringent, 
retards  by  such  astringency  the  development  of  a 
delicate  albuminous  organism,  while  the  bitter  prin- 
ciple is  altogether  opposed  to  its  growth.  Why  is  dirt, 
the  albuminous  deposit  in  mains,  in  the  pores  of  wood, 
and  on  the  surface  of  plant,  so  injurious  ? Merely 
because  in  such  a state  it  is  no  nutriment  for  an  alco- 
hohc  yeast  cell,  but  simply  for  ferments  that  develop 
freely  on  degraded  forms  of  azotised  matter. 

Why  do  we  have  reproduction  of  yeast,  and  why  does 
such  reproduction  vary  5,  6,  8,  or  10  times  ? Because 
yeast  exhibits  an  exceptional  plant  action,  assimilates 
nitrogenous  matter  as  nutriment,  and  respires  on  com- 
bined oxygen,  the  maltose  of  our  wort  robbed  of  its 
oxygen  splitting  up  into  alcohol  and  carbonic  acid. 
The  outcrop  of  yeast  consequently  is  largely  in  excess 
of  the  ingoing  store,  the  exact  extent  of  reproduction 
turning  upon  the  quantity  of  free  air  supply,  the  incen- 
tive to  growth,  but  not  always  to  alcoholic  action. 

Why  do  Continental  brewers  seek  safety  in  cold  as  a 
preservative?  Because  low  temperature  keeps  lactic 
acid  and  putrid  ferments  inert.  Why  can  meat  be 
preserved  by  mere  hanging  in  a dry  atmosphere  ? 
Because  moisture  is  necessary  to  the  development  of 
vegetable  organisms. 

What  practical  bearing  has  this  ? Yeast  may  be 
dried,  reduced  to  dust,  and  kept  in  such  condition  for 
six  or  seven  months  without  losing  its  capacity  of  re- 
vival. Why  does  the  draff  thrown  from  the  brewer’s 
mash  tun  putrefy  so  readily?  On  accoimt  of  the 
moisture  present.  Dry  the  grains  and  they  will  remain 
sweet  and  unchanged  for  any  length  of  time. 

What,  lastly,  do  we  employ  chemical  preservatives 
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for  ? To  stamp  out  the  possible  development  of  diseased 
ferments  that  have  been  rendered  more  probable  as 
constituents  of  our  beer  by  the  gradually  increasing 
deterioration  in  quality  of  malt  that  has  been  apparent 
the  last  few  years. 

I have  spoken  of  many  varieties  of  ferment,  their 
microscopical  appearance,  as  will  he  seen  by  reference 
to  plates,  being  widely  different,  but  is  it  possible  for 
one  ferment  to  change  into  another  ? It  is  not,  but 
it  is  possible  for  the  physical  form  of  yeast  to  undergo 
strange  modifications,  almost  deceptive  to  the  young 
brewer,  and  I know  of  no  branch  of  semi-scientific  work 
that  requires  so  much  practice  as  yeast  examination. 
There  are  types  of  mould,  for  instance,  that  develop  in 
branch-like  form  when  in  contact  with  air,  that  assume 
globular  shape  when  submerged ; on  the  other  band, 
yeast  cells  may  and  do  elongate  in  many  ways  when 
conditions  of  growth  are  changed,  but  no  actual  trans- 
mutation of  one  form  of  ferment-life  to  another  ever 
results.  It  is  sim^fiy  impossible,  as  Pasteur  shows  in 
an  almost  endless  number  of  experiments. 

We  can  see  now  why  it  is  that  yeast — not  the  mere  non- 
organised  oxidised  nitrogenous  matter — suffers  so  terribly 
when  starvation  conditions  alone  exist.  So  long  as 
fermentation  was  due  to  a mere  chemical  principle  it 
was  difficult  to  account  for  the  endless  varieties  of  fer- 
mentation, the  great  care  necessary  to  prevent  sudden 
check  in  heat ; to  assure  vigorous  aeration  at  settmg  on, 
the  action  of  flour  and  salt  dressing,  and  so  forth  ; but 
as  fermentation  is  promoted  by  a delicate  globular 
organism,  the  starvation  of  such  means  the  absolute 
collapse  of  its  vitality,  and  as  the  organism  is  simply  a 
cell  full  of  liquid  nitrogenous  nutriment,  we  can  easily 
see  v.'hy,  when  its  growth  is  checked  or  rendered  alto- 
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■gether  impossible,  it  loses  its  expanded  form,  becomes 
specifically  heavier,  and  no  longer  possesses  the  power 
of  holding  the  fluid  contents  inside  the  porous  cell; 
turbidity  due  to  the  increase  in  specific  gravity  of  yeast 
results  and  in  some  cases  followed  by  turbidity  and 
putrefaction  together. 

Why  ? It  is  well  known  that  the  nutriment  of  vital 
organisms  protected  by  vitality  is  absolutely  pure  and 
sweet,  but  no  less  certaui  when  once  escapmg  from  this 
■controlling  influence  it  rapidly  becomes  putrefactive. 

Look,  for  instance,  at  the  fluid  excrements  of  animals, 
the  blood  of  the  vein.  See  how  readily  they  putrefy, 
and  we  shall  understand  the  better  how  it  is  that,  when 
-once  by  imperfect  yeast  cultivation  we  practically  facili- 
tate the  escape  of  liquid  plasma  from  the  cell,  we  deter- 
mme  sooner  or  later  something  beyond  the  turbidity 
created  by  the  semi-soluble  azotised  matter ; we  deter- 
mine, in  short,  putrid  fermentation.  This  may  be 
staved  off  by  absence  of  free  air,  lowness  of  temperature, 
or  presence  of  most  unpleasant  doses  of  sulphites,  but 
sooner  or  later  we  arrive  at  the  bad  or  ropy  beer,  and 
yet  feel  or  pretend  to  feel  surprised  at  a result  that 
might  have  been  predicted. 

It  is  easy  to  see,  again,  why  good  malt  facilitates  such 
ready  cell  development ; I hope  we  miderstand  by  this 
time  why  the  perfect  development  is  necessary.  It  is  a 
combination  of  nutriment  that  yeast  requires ; poor 
malt  yields  a deficiency  of  the  necessary  azotised 
matter  ; and  my  readers  will  please  remember  that  it  is 
not  all  descriptions  of  albuminous  matter  that  act  as 
yeast  food.  For  instance,  you  may  examine  a heer  some 
years  old  ; it  is  capable  of  fermenting,  yet  its  extract  is 
rich  in  nitrogen  compounds,  but  they  are  not  the 
digested  variety.  They  are,  as  I may  put  it,  similar  to 
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tlie  azotised  extract  of  a bad  malt  of  low  diastatic  power 
that  has  never  suffered  modification  in  mash-tun  or 
copper. 

On  the  other  hand,  saline  nutriment  is  necessary  to 
the  structure  of  yeast,  and  when  we  begin  to  employ 
large  quantities  of  sugar  we  seriously  diminish  the 
amount  requisite.  It  is  all  very  well  to  talk  of  some 
form  of  saline  matter  said  to  be  identical  with  the  ash 
of  yeast.  We  do  not  know  much  about  this  ; what  we 
do  know  is  eminently  practical,  and  shows  that  the 
saline  matter  yielded  by  malt  coming  in  contact  with 
the  saline  matter  of  our  brewing  waters  gives  a com- 
bination of  salts  that  favours  yeast  growth. 

We  have  always  supposed  that  hard  waters  were 
preferable  for  brewing  on  account  of  a determining 
influence  respecting  quality  of  nitrogen  extract.  I,  for 
one,  should  not  be  at  all  surprised  to  find  that  the  saline 
matter  of  such  a water  in  combination  with  the  salts 
existing  in  malt  led  to  more  perfect  yeast  development. 
We  Imow  how  Burton  brewers  pride  themselves  on 
their  entire  malt  brew  yeasts,  how  strong  and  well 
developed  it  appears  to  be  microscopically ; is  it  difficult 
to  explain  after  seeing  the  care  they  bestow  on  the 
selection  of  malting  barley  and  how  they  look  with 
disdain  on  the  process  of  the  brewer  who  employs  sugar 
in  some  shape  or  form  to  increase  the  output  of  his 
plant  or  purify  his  otherwise  highly  albuminous  wort  ? 

It  is  all  perfectly  clear  ; however  successful  we  may 
he  in  ameliorating  the  character  of  a heavy  malt  wort 
by  the  use  of  sugar,  however  skilfully  we  may  add  flour, 
salt,  and  saline  yeast  food,  it  is  impossible  to  say  that 
a combination  of  artificial  circumstances  can  ever  attain 
to  the  perfection  of  influence  exercised  by  the  combined 
constituents  of  malt  wort.  It  wants  merely  the  case  of 
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grape  juice  to  prove  to  us  in  a practical  way  wliat  tlie 
meaning  of  wort  character  really  is. 

Let  me  now  attack  in  detail  the  practical  bearing  of 
aeration.  Theoretically  it  means,  as  I have  proved, 
greater  yeast  development,  lesser  alcoholic  ferment 
capacity.  What,  may  I ask,  are  the  several  methods  of 
dealing  with  soft  extractive  water  worts,  or  how  do 
soft-water  brewers  proceed  to  attain  stability  of  beer  ? 
There  are  three  methods — water  hardening,  sugar  use, 
slow  aeration  fermentation — all  different  in  principle, 
all  ending  in  same  result  as  regards  stability  ; different 
result,  as  regards  flavour  and  general  character  of  beer. 

The  water  hardening  determines  the  variety  of 
azotised  bodies  extracted  or  variety  of  sahne  yeast 
nutriment  existing ; secondly,  by  partially  substituting 
sugar  for  malt  extract  we  displace  a certain  quantity  of 
azotised  matter.  Finally,  by  adopting  the  slow  system 
of  fermentation. 

Now,  practically  speaking,  what  does  this  latter  pro- 
cess mean  ? What  is  slow  yeast  ? It  must  be  perfectly 
evident  from  what  has  gone  before,  even  to  the  least 
scientiflc  reader,  that  directly  we  commence  to  supply 
definite  quantities  of  air  during  fermentation  by  de- 
liberate pumping,  plmiging,  or  oscillating  movement  of 
head  in  closed  vessel,  that  we  advance  in  the  dh’ection 
of  modifying  the  life  action  of  yeast ; in  other  words,  we 
diminish  its  power  of  acting  as  an  alcoholic  ferment,  and 
form  what  is  termed  slow  yeast. 

I have  said  previously  that  no  transformation  of 
ferment  life  is  possible  ; but  this  does  not  mean  that 
the  ordinary  ferment  of  the  brewer  may  not  be  slightly 
modified  in  a dual  direction.  Aerate  a fast  yeast, 
•cultivate  it  in  a wort  not  too  fermentable,  and  it  will 
gradually  become  slow  in  action.  Take  the  slow  yeast. 


The  meaning  of 
aeration. 


Treatment  of 
soft  water 
worts. 


Water  harden- 
ing. 


Sugar  use. 

Slow  fermenta- 
tion. 


Slow  yeast. 


Transformation 
of  yeast. 


166 


THE  THEORY  AND  PRACTICE  OF 


Oscillation  of 
yeasty  head. 


Modified  aera- 
tion by  rousing. 


cultivate  it  in  a highly  nutritive  wort  without  aeration,, 
and  it  will  in  a series  of  reproductions  become  similar 
in  every  way  to  that  of  a Burton  brewer. 

This  naturally  follows  from  all  that  has  been  said 
on  the  subject  of  brewers’  yeast,  endless  m variety,  as 
produced  from  a stock  common  to  all,  and  the  slow 
yeast  of  the  stone  square  brewer  is  simply  an  example 
of  cell  life,  the  growth  of  which  corresponds  with  the 
exact  conditions  of  nutriment  normal,  and  the  degree 
of  aeration  carried  on. 

What  does  the  propagation  of  such  a yeast  mean  ? 
I have  said  that  it  is  less  powerful  as  an  alcoholic 
ferment  than  other  varieties.  Its  natural  gi’owth  is 
accompanied  by  great  reproduction  and  corresponding 
assimilation  of  azotised  matter,  and  in  result  the  wort 
of  heavy  albuminous  character  becomes  purified,  as  I 
may  express  it,  under  the  influence  of  this  slow  working 
species  of  yeast,  which  seems  to  depend  almost  entirely 
on  mechanical  motion,  over  and  above  aeration,  for  a 
great  deal  of  its  energy.  I say  this  since,  in  rousing- 
systems  where  there  is  mere  oscillation  of  the  yeasty 
head,  there  can  be  but  little  introduction  of  air,  and  the 
revived  energy  of  the  ferment  under  such  an  influence 
must  be  due  more  to  the  displacement  of  carbonic  acid 
and  direct  motion  than  to  anything  else. 

It  is  not  to  be  wondered,  then,  that  the  principle  of 
utilising  such  a form  of  ferment  life,  a description 
of  yeast  undoubtedly  produced  by  the  art  of  man,  has 
found  favour  in  many  districts  where  softness  of  water 
and  heavy  character  of  malt  in  use  has  practically  given 
a wort  of  highly  azotised  nature,  and  besides  this  one 
can  call  to  mind  many  systems  of  fermentation  wherein 
a partially  modifled  aeration  ferment  is  employed ; 
indeed,  directly  rousing  is  adopted  as  a definite  prin- 
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ciple,  the  yeast  in  use  becomes  slowly  changed  in  the 
direction  spoken  of,  and  there  can  be  no  two  opinions 
of  the  benefit  of  this  if  the  wort  requires  more  than 
ordinary  purification  under  the  influence  of  yeast 
growth. 

In  all  systems  of  fermentation  there  is  partial  aera- 
tion— this  being  uniformly  necessary — since,  as  I have 
said,  yeast  at  different  stages  of  its  growth  requires  to 
come  in  contact  with  the  oxygen  of  air.  I may  divide 
English  fermentation  systems  into  three  divisions,  the 
first  including  the  ordmary  quick  attenuation  method  of 
Burton  and  other  hard  water  centres ; the  second 
embracing  the  system  turning  upon  the  use  of  malt  and 
sugar,  with  limited  displacement  of  carbonic  acid  and 
aeration  by  motion  during  attenuation  ; and  the  third 
referring  simply  to  the  stone  square  method  which  is 
the  most  advanced  example  of  aeration  fermentation 
loiown. 

It  will  be  well,  indeed,  if  all  brewers  can  grasp  the 
exact  practical  meaning  of  the  term  oxygen  in  reference 
to  fermentation,  since  it  is  the  mainspring  of  Pasteur’s 
theory  and  of  many  practical  brewers’  processes.  At 
one  time  boiling  was  supposed  to  be  advantageous, 
because  it  was  said  to  dispel  any  air  that  the  wort 
might  contain  ; it  was  usual  to  prevent  frothing  by 
every  conceivable  means,  since  in  those  days  the  forma- 
tion of  acetic  acid  by  oxidation  was  dreaded,  and  it 
was  concluded  that  if  the  wort  introduced  into  the 
fermenting  tun  contained  air,  and  the  temperature  of 
fermenting  liquid  once  rose  to  70°,  acetic  acid  would 
at  once  be  formed. 

I may  safely  say  that  at  the  present  time  such  view 
has  entirely  collapsed,  and  brewers  energetically  pursue 
direct  intermixture  of  air  with  wort,  i.e.,  they  whisk  up 
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their  pitching  yeast,  employ  refrigerators  so  constructed 
that  there  is  a constant  rippling  over  corrugated 
surface,  aerate  even  during  boiling  by  means  of  fountains 
and  domes,  never,  in  short,  taking  a single  step  to 
dispel  air,  so  that  at  the  time  of  collecting  wort  it  con- 
tains a considerable  quantity,  some  naturally  absorbed, 
some  directly  introduced,  and  yet  a few  hours  after 
gathering  it  has  all  disappeared.  Where  ? It  has 
been  assimilated  by  the  yeast,  thereby  bringing  it  into 
a more  vigorous  state  as  an  anaerobian  ferment. 

Again,  if  fermentation  be  sluggish,  and  if  this  con- 
dition of  things  arise  from  weakness  of  yeast  as  dis- 
tinct from  “slowness  of  fermentative  character,”  what 
sooner  puts  an  end  to  it  than  direct  introduction  of 
air  ? and  during  storage  period,  what  sooner  leads  to 
the  fretfulness  of  beer  than  the  introduction  of  air  at 
the  racking  stage  ? The  more  we  examine  the  subject 
the  more  we  shall  find  that  aeration,  as  a distinct  prin- 
ciple, is  worthy  of  study,  and  so  far  we  have  gone 
through  the  conditions  of  yeast  nutriment,  accepting 
fully  the  undoubted  truth  that  the  yeast  cultivated  is 
a vegetable  organism,  depending  for  its  growth  upon 
certain  fixed  conditions,  the  supply  of  soluble  azotised 
matter,  a definite  quantity  of  carbo-hydrates  in  the 
form  of  sugar  and  dextrin,  and  air  fr'ee  or  as  oxygen 
combined. 

We  have  seen  that  the  character  of  the  azotised 
matter  present,  the  temperature,  and,  I may  add,  the 
degree  of  acidity  of  the  fermentable  fiuid  determines 
the  variety  of  ferment  life  that  would  preponderate, 
and  to  this  I may  now  append  the  statement  that  the 
quantity  of  free  air  supplied  decides  the  manner  in 
which  the  alcoholic  ferment  will  develop.  So  much 
for  theory.  Let  me  now  turn  to  practical  operations. 
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which  will  be  the  more  readily  understood  now  that 
something  is  known  of  the  principles  upon  which  they 
depend. 

The  cooled  wort  gathered  at  the  temperature  normal  Pitching  yeast, 
to  the  distinct  system  in  operation  is  impregnated 
without  delay  with  vigorous  yeast,  and  a method  which 
has  led  to  much  improvement  in  results,  turns  upon 
the  cultivation  of  pitching  yeast  to  be  used,  in  a strong 
concentrated  unhopped  malt  wort  some  hour  or  so 
before  setting  on.  The  purity  of  pitching  yeast  is  of  itspm-ity. 
the  utmost  importance.  It  is  generally  selected  for 
its  physical  fitness,  sweetness,  and  solidity  (every 
brewer  knowing  the  necessity  of  perfect  matm'ity  of 
yeast),  and  for  its  microscopical  purity. 

Now,  what  do  I mean  by  matmdty  ? There  is  a wide  Matmity. 
■difference  in  this  respect  between  special  varieties  of 
yeast ; for  instance,  it  is  perfectly  easy  to  understand 
that  in  the  case  of  slow  fermentations,  where  the 
reproduced  yeast  exists  for  days  on  the  surface  of  the 
wort  while  slow  attenuation  is  going  on,  that  such 
yeast  matures  before  removal,  and  is  consequently  fit 
for  use  soon  after  skimming  takes  place ; while,  on  the 
other  hand,  in  the  case  of  rapid  attenuations,  the  yeast 
crops  are  secured  almost  as  soon  as  the  yeast  rises  to 
the  surface ; it  is,  in  short,  quite  yomig,  and  conse- 
quently unfit  for  use  until  it  has  been  stored  for  some 
length  of  time,  thirty-six  or  forty-eight  hours  at  least, 
since  if  such  yeast  were  employed  for  pitching,  its 
want  of  maturity  would  exhibit  itself  in  a faulty 
attenuation,  not  resulting,  as  attenuation  should,  in 
spontaneous  clarification. 

Microscopically  speaking,  the  difference  between  Difference  be- 
young  and  matured  yeast  is  equally  marked ; the  ^rmatu^el 
young  and  newly-formed  cells  which  constitute  the 
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light  yeasty  heads  exhibit  a beautifully  clear  outline, 
but  no  interior  physical  development,  while  the  matured 
yeast  shows  each  cell  with  a distinct  vacuole  with  one 
or  more  young  cells  included ; in  short,  a yeast  of 
suitable  age  for  pitching  presents  microscopically  much 
the  same  appearance  as  the  full  moon  does  with  its 
shaded  undulations.  I know  of  no  more  practical 
example. 

Next  I come  to  the  purity  question.  It  is  practically 
impossible  to  purify  yeast  successfully  by  artificial 
means,  since  the  several  processes  suggested  by  Pastern, 
viz.,  cultivation  in  pure  sugar  solution,  and  treatment 
with  preservative  agents  of  various  kinds,  not  only 
stamp  out  impurities,  but  injuriously  influence  alco- 
hoHc  yeast ; so  that  purity  from  a brewer’s  point  of 
view  must  be  attained  by  cleanliness  of  plant,  use  of 
good  material,  the  removal  of  all  cooler  deposit  by 
skimming  off  first  cream  thrown  up  during  fermenta- 
tion, the  selection  of  middle  skimmings,  when  there 
are  a series,  for  pitching,  and  the  storage  of  the  col- 
lected yeast  in  shallow  slate  backs  where  it  can  be 
efficiently  drained. 

The  general  indnciple  of  purification  should  not  be 
left  unnoticed.  Take,  for  instance,  the  cultivation  of 
yeast  in  a pure  sugar  solution ; it  is  perfectly  e^'ident 
that  it  finds  therein  no  sufficient  nutriment,  but  it 
happens  that  alcoholic  yeast,  being  more  robust  than 
other  forms  of  ferment  life,  resists  the  practical  star- 
vation influences  of  sugar  longer  than  false  ferments 
can ; and  thus,  by  repeated  cultivation  of  an  impure 
yeast  in  pure  cane  sugar  solutions,  it  will  be  found  that 
each  succeeding  cultivation  wiU  leave  yeast  purer,  and 
yet  itself  more  aged  and  worn  out. 

Certainly,  such  yeast  can  be  revived  by  cultivation  in 
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a sti'ong  unliopped  wort  with  vigorous  aeration,  but 
such  a process  is  by  no  means  advantageous  in  a 
brewing  sense.  Take,  again,  treatment  of  yeast  or 
wort  with  strong  doses  of  salicylic  acid ; this  is  potent 
and  absolutely  fatal  to  lactic  ferments,  but  at  the  same 
time  it  Aveakens  and  eventually  destroys  alcoholic  yeast ; 
so,  while  arriving  at  purity  by  its  use,  we  -are  left  face 
to  face  Avitb  weak  yeast,  and  there  is  perhaps  nothing 
more  dangerous  in  a breiving  sense. 

There  is  one  practical  method  employed  on  the  Con- 
tinent which  merits  passing  notice.  As  a rule  all 
diseased  ferments  are  small,  fragile,  and  buoyant, 
passing  off  with  the  more  fluid  portions  of  yeast ; so 
German  brewers,  who  work  with  bottom  ferment,  first 
drain  it,  then  cover  AA'ith  ice  cold  water,  decanting  this 
after  short  periods  of  standing  once  or  twice.  The 
yeast  is  much  purified  by  this  process,  but  it  is  easy  to 
see  how  even  this  may  lead  to  weakness  of  store,  the 
interior  constituents  of  yeast  being  soluble  in  water ; so 
that  if  excessive  washing  is  carried  on  we  remove  some 
of  the  soluble  plasma.  I think  that  I explained  the 
term  yeast  water  when  speaking  of  cane  sugar  iiiA'er- 
sion,  and  the  process  adopted  for  securing  this  proves 
the  danger  of  overAvashing  yeast. 

The  Avort  once  pitched,  fermentation,  evidenced  by 
attenuation,  i.e.,  thinning  down  and  diminution  of 
gravity  and  evolution  of  gas,  soon  sets  in,  and  Ave 
have  at  once  a series  of  head  changes  which  liaA^e  not 
hitherto  been  satisfactorily  explained.  Let  me  see  if 
I can  throAV  some  light  on  this  subject.  Wort  has 
what  is  termed  a certain  viscidity,  due  to  its  gummy 
and  albuminous  nature,  this  Auscidity  gmng  it  the 
capacity  of  holding  more  or  less  gas  in  solution,  and 
a great  deal  more  in  semi-solution  and  suspension.  I 
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can  illustrate  my  meaning  by  pointing  to  champagne 
and  stout,  as  two  fluids  of  pretty  equal  dry  extract 
proportions,  the  one  having  no  viscidity  on  account  of 
its  extract  being  entirely  composed  of  saccharine,  the 
other  capable  of  creaming  and  foaming  in  a very 
marked  manner  on  account  of  its  gummy,  azotised, 
and  viscid  nature. 

Directly  fermentation  commences  this  viscid  in- 
fluence comes  into  play,  and  a first  cream  is  formed, 
which,  as  escaping  gas  becomes  greater  in  volume 
and  upheaving  power,  is  driven  up  into  peaky  form, 
the  lighter  portions  of  first  cream  being  forced  up 
highest. 

This  becomes  more  prominent  as  gas  power  becomes 
greater,  and  we  soon  have  a series  of  practical  hills  and 
valleys,  the  valleys  being  the  heavier  portions  of  cream 
contauaing  hop  extract  and  dirt,  the  hills  being  the  pure 
white  froth  driven  up  to  a great  height.  That  this  is 
so  is  easily  proved  by  diminishmg  viscid  character  of 
wort  by  use  of  sugar  or  some  chemical  that  cuts  down 
proportion  of  albuminous  matter ; the  ordinary  head 
changes  at  once  being  correspondingly  modified. 

To  proceed,  viscidity  versus  gas  power  continues  in 
operation,  and  the  light  head  is  forced  up  to  a level 
surface,  which  entirely  collapses  as  soon  as  the  escaping 
gas  gets  sufficiently  powerful  to  break  through  the  light 
head,  so  soon  as  its  viscidity  is  no  longer  capable  of 
controlling  it.  This  collapse  is  soon  followed  by  an 
absolute  rise,  viscidity  once  more  increasing  under  the 
influence  of  yeast  reproduction,  and  the  rise  of  head 
continues  so  long  as  yeast  increases  in  bulk  and  there 
be  sufficient  gas  liberated  to  buoy  it  up. 

If  the  quantity  of  yeast  be  very  large,  as  in  the  case 
of  slow  fermentations,  very  little  gas  escapes,  but,  on 
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the  other  hand,  is  taken  into  solution  ; and  if  the  beer 
be  not  exposed  until  cooled  down  this  dissolved  gas 
exhibits  itself,  when  set  free  by  any  mechanical  agita- 
tion, and  accomits  for  tlie  throwing  up  of  the  yeasty 
head  by  slow  fermented  beers  when  passed  to  settlers, 
while  those  rapidly  attenuated,  carrying  little  or  no 
head  and  much  exposed  during  a series  of  shimmings 
while  existing  at  a high  temperature,  lose  the  greater 
part  of  their  carbonic  acid  and  pass  to  settling  tanks 
absolutely  flat ; so  that  if  containing  any  yeast  this 
subsides  on  the  bottom,  in  place  of  being  thrown  to 
the  top. 

If  I make  a pomt  of  carbonic  acid  and  its  influences, 
it  is  not  to  be  wondered  when  we  bear  in  mind  that 
100  parts  of  fermentable  matter  yield  forty-nine  of 
carbonic  acid  when  splitting  up ; so  that  in  a 30  lb. 
beer,  which  loses,  as  we  have  seen,  52  lbs.  of  solid 
matter  per  barrel  during  fermentation,  some  25  lbs.  of 
carbonic  acid  per  barrel  will  be  liberated.  We  know 
the  main  results  in  other  senses  of  attenuation.  Sugar 
disappears,  and  we  have  in  place  of  it  alcohol,  carbonic 
acid,  and  a proportion  of  succinic  acid  and  glycerine, 
and,  besides  this,  the  reproduced  yeast  which  comes  in 
for  after-pitching  purposes. 

The  increase  of  heat  varies  according  to  the  cha- 
racter of  beer  and  system  of  fermentation  adopted, 
but  so  far  as  English  systems  are  concerned,  the 
increment  corresponds  closely  with  one  de^-ee  per 
pound  of  gravity;  and  as  by  practice  the  temperatm’e 
of  70°  Fall,  has  come  to  be  regarded  as  a fixed  limit 
for  pale  beers,  it  is  easy  to  see  that  the  two  rules 
mentioned,  stated  increment  and  stated  limit,  account 
for  much  that  we  notice  practically  ; thus,  in  setting  on 
a 20  lb.  beer,  which  skims,  say  on  the  average,  at  an 


Eesults  of  fer- 
mentation. 


Eise  of  tempe- 
rature dming 
fermentation. 


Skimming  gra- 
vity. 


174 


THE  THEOEY  AND  PRACTICE  OF 


Cleansing’  stage. 


Strong  beers. 


Speed  of  attenu- 
ation. 


Formation  of 
inferior  alcohol. 


apparent  gravity  of  8*0,  corresponding  to  about  10-0  if 
the  spirit  were  driven  off,  the  brewer  would  start  with  a 
gathering  temperature  of  59“ ; so  that  by  allowing  the 
gradual  rise  specified  the  temperature  would  naturally 
be  about  69°  by  the  time  the  skimming  or  cleansmg 
stage  is  arrived  at ; and  so  with  stronger  beers,  the 
gathering  heat  is  put  lower,  so  as  to  allow  of  the 
natural  increment  'without  exceeding  the  standard 
limit. 

With  very  strong  beers  the  case  is  different,  since 
with  a top  system  it  would  be  impossible  to  pitch 
below  57°,  while  in  order  to  allow  the  normal  increase 
of  heat  W'e  reach  72°  or  78°  before  full  attenuation  is 
secm'ed ; but  this  matters  the  less,  as  beers  so  highly 
alcoholic  are  not  so  subject  to  the  ravages  of  inferior 
ferments  at  the  higher  temperatures  as  some  of  the 
weaker  varieties. 

Speed  of  attenuation  is  also  very  dissimilar,  for  hi 
some  breweries  two  saccharometer  pomids  in  twelve 
hours  is  considered  quite  sufficient,  while  in  others  it 
runs  as  high  as  four  or  five.  On  this  one  matter  a 
word  of  advice  may  be  offered.  If  the  character  of 
brewmg  water  is  such  that  spontaneous  clarification 
easily  results,  no  great  harm  comes  of  rapid  attenua- 
tion, but  if  difficulties  are  experienced  as  regards 
brightening,  then  comparative  slowness  of  attenua- 
tion is  a positive  advantage ; and,  besides  this,  it  is 
probable  that  rapid  splitting  up  of  sugar  with  the  high 
temperature  leads  to  the  formation  of  inferior  varieties 
of  alcohol.  On  the  other  hand,  the  higher  tempera- 
tures are  said  to  determine  a distinct  peculiarity  of 
flavour,  due,  no  doubt,  to  the  induced  development  of 
some  special  ferment  that  otherwise  would  be  dormant 
in  the  yeast. 
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I next  come  to  tlie  extent  of  attenuation  prior  to 
skimming  or  cleansing  and  when  finally  complete.  It 
has  been  found  practically  that  attenuation  to  an 
apparent  one-fourth  of  original  gravity  gives  neces- 
sary quiescence  and  stability,  and  the  skimming  or 
cleansing  point  is  fixed  for  rapid  attenuations  some 
3 lbs.  or  4 lbs.  above  this,  while  in  slow  fermentations, 
where  the  power  of  yeast  seems  to  hinge  entirely  on 
mechanical  motion,  it  is  quite  common  to  find  this  con- 
tinued till  the  beer  has  nearly  come  down  to  the  one- 
fourth  specified,  attenuation  seeming  to  cease  directly 
mechanical  motion  terminates. 

Thus  no  general  rule  can  be  laid  down,  even  extent 
of  attenuation  being  varied  according  to  whether  beer 
is  naturally  fretful  or  no,  intended  for  immediate 
consumption  or  for  lengthy  storage,  or  if  the  wort  has 
been  jiractically  purified  prior  to  fermentation  by  the 
saline  nature  of  water  or  use  of  sugar.  Still,  the  one- 
fourth  rule  holds  good  in  the  majority  of  cases,  and 
it  may  be  varied  according  to  the  discretion  of  the 
brewer. 

Next  comes  the  vexed  question  as  to  cleansing  versus 
sldmmmg.  It  is  most  difficult  to  convince  a Burton 
brewer  that  a good  stock  beer  could  be  secured  by 
skimming  in  place  of  cleansing  to  unions,  while  the 
brewers  accustomed  only  to  skimmmg  methods  see 
nothmg  particularly  beneficial  in  the  working  of  unions. 
There  is,  however,  something  in  both  systems  worthy  of 
notice. 

In  working  with  union  casks  we  have  undoubtedly 
distinct  aeration  at  a most  critical  stage  of  the  fermen- 
tation, i.e.,  when  the  beer  has  attenuated  to  about  one- 
half  of  its  gravity,  this  aeration  being  very  limited  in 
amount  and  pretty  constant,  as  each  bead  of  yeast  drops 
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from  the  swan-neck  and  the  settled  beer  from  it  passes 
back  mto  miions.  Besides  this  there  is  the  distribution 
of  beer  at  height  of  fermentation  into  comparatively 
small  bulk,  which,  without  checking  heat,  or,  more 
strictly  speakmg,  without  coolmg  down,  renders  . at- 
temperation  unnecessary  at  the  point  when  it  would  be 
most  productive  of  mischief,  while,  finally,  the  beer  in 
the  miion  casks  with  their  swan-necks  exists  mider  a 
slight  pressure,  which  is  also  of  some  uifiuence,  the 
beer  never  bemg  exposed  in  bulk  to  the  air  till  ready 
for  racking. 

On  the  other  hand,  when  skimming  is  adopted,  the 
more  especially  in  fast  fermentation  systems,  the  bulks 
are  generally  large ; much  attemperation  is  necessary 
towards  latter  stage  of  fermentation  to  keep  heat  under 
control,  and  there  is  excessive  exposure  of  beer  while 
existing  at  high  temperatures,  to  the  ah’  without  that 
gradual  aeration  spoken  of,  and  m result  the  skimmed 
beer  is  abnormally  flattened,  and  by  comparison  is  apt 
to  taste  coarse  on  palate. 

There  can  be  no  opinion  about  the  superior  cleanness 
of  a skimmed  beer,  and  the  lesser  amomit  of  labour 
Hivolved  in  keeping  a simple  skimming  plant  clean ; 
but,  speaking  candidly,  my  opinion  is  that  it  is  not  a 
question  of  exact  goodness  of  beer  that  is  affected  by 
the  adoption  of  one  system  or  the  other,  but  exact 
flavour  at  time  of  racking,  and  in  this,  I believe,  there 
is  a marked  difference,  although  the  varying  palate 
characters  tone  domi  and  become  more  and  more 
similar  as  the  beers  attain  age. 

I now  come  to  a point  that  is  of  extreme  importance 
and  in  direct  coimection  with  the  variation  in  result 
that  is  often  seen,  when  worldng  a combined  skimming 
and  union  plant,  m the  direction  of  spontaneous  bright- 
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ening  of  beer,  the  assertion  frequently  being  made  that 
while  a stated  beer  clarifies  perfectly  m unions,  it 
exliibits  a certain  stubbornness  when  merely  skimmed. 

Now,  to  consider  such  a question  as  this  properly, 
one  must  leave  for  a moment  the  practical  details  of 
the  process  and  discuss  the  whole  question  of  “ surface 
aeration”  and  “surface  attraction”  theoretically,  for 
it  is  in  reference  to  these  two  influences  that  one  may 
fah’ly  describe  the  variation  in  results  spoken  of  as 
behig  of  special  significance,  and  by  means  of  which  I 
may  perhaps  open  up  a new  field  for  thought  and 
inquu’y. 

The  term  surface  aeration  refers  to  the  capacity  of 
any  fluid,  whether  water  or  beer,  of  dissolving,  when 
in  contact  with  air,  a certain  proportion  of  its  oxygen 
constituent,  and  it  is  on  account  of  this  oxygen  com- 
bining with  a certain  portion  of  wort  extract  of  a 
nitrogenous  character,  and  of  its  being  assimilated  also 
by  yeast,  that  brightening  of  the  beer  is  immensely 
facilitated.  Why?  The  oxidation  of  the  nitrogenous 
matter  renders  it  insoluble,  the  assimilation  of  oxygen 
by  yeast  revives  it,  and  renders  each  cell  more  buoyant, 
giving  it  a capacity  of  rising  to  the  surface  instead  of 
remaining  in  persistent  suspension. 

The  meaning  of  surface  attraction  is  entirely  dif- 
ferent. I expect  that  most  of  my  readers  have  noticed 
that  when  a lot  of  chips  are  thrown  into  a vessel  of 
water  they  invariably  tend  to  conglomerate  together  at 
side  or  centre,  each  slip  seeming  to  have  an  attractive 
influence  for  its  neighbour.  In  the  same  sense  the 
surface  of  a brewing  vessel,  whether  it  be  of  wood, 
metal,  stone,  or  slate,  has  a certain  definite  attractive 
influence  for  all  suspended  matter  that  may  exist  in 
the  fluid  contained  therein. 
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If  a practical  proof  of  this  be  needed  let  any  one 
examine  the  attemperating  coils  in  a fermenting  vessel 
or  the  steam  coils  for  boiling  back  in  which  a car- 
bonated water  is  heated.  Such  coils,  upon  exami- 
nation, will  be  found  pretty  evenly  covered  with  a 
deposit  of  yeast  or  saline  matter.  Yet  one  would  sup- 
pose that  as  sedimentary  matter  falls  it  would  adhere 
or  deposit  only  on  the  upper  side  of  such  piping,  but 
this  is  not  the  case. 

So  well  defined  is  the  principle,  that  Continental 
brewers  actually  employ  wood  shavings,  which,  exert- 
ing the  “ surface  attraction  ” spoken  of,  remove  from 
the  settling  beer  the  grosser  particles  of  suspended 
yeast,  aided,  perhaps,  by  the  astringent  nature  of  the 
wood  employed.  Let  us  apply  this  knowledge  to  the 
problem  referred  to  above. 

It  is  perfectly  clear  that  m the  case  of  a union  cask 
there  is  far  more  surface  attraction  at  work  than  when 
the  same  bulk  of  beer  is  placed  at  a depth  of  four  or 
five  feet  m a fermentmg  vessel  or  sldmmmg  back, 
and  unless  the  skimming  beer  is  far  more  exposed  to 
aeration  mfluences  than  is  usual,  the  union  beer  gets 
also  much  the  most  indh'ect  surface  aeration,  not  only 
at  the  cleansing  stage,  but  during  the  whole  process  of 
working-off,  as  before  mentioned,  when  each  bead  of 
yeast  and  the  accompanying  fluid  is  freely  exposed  to 
air  as  it  drops  from  “ swan  neck.” 

Do  I go  too  far  when  I assert  that  it  is  fr-equently  a 
combination  of  the  two  influences  named  that  gives  to 
the  union  beer  a tendency  to  clarification,  which  it  does 
not  present  if  skimmed  hi  a deep  vessel  without  any 
defined  surface  aeration  ? I thmk  not,  and  I am  con- 
fident that  the  well-lmown  superiority  of  shallow  slam- 
ming squares  is  a direct  confirmation  of  this  view  ; but 
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while  sure  of  this  I must  not  forget  to  point  out  that 
we  always  stand  in  face  of  another  mfluence  that  has 
hitherto  been  much  neglected. 

I refer  to  the  fact  that  many  brewers,  employing 
very  perfect  malt  and  apparently  workmg  on  the  most 
correct  lines,  still  have  to  contend  with  turbid  racldng 
samples,  which  involve  the  necessity  of  some  fining 
method  being  adopted  to  accomphsh  a degree  of  clari- 
fication which  should  have  resulted  spontaneously. 
These  brewers  may  aerate  beer  as  they  please,  move 
it  from  vessel  to  vessel,  and  yet  the  turbidity  is  a pro- 
minent feature,  and  one  has  to  offer  some  explanation 
of  what  appears,  at  first  sight,  totally  inexplicable. 

It  is  probable,  if  not  certain,  that  the  use  of  excep- 
tionally good  malt  under  some  conditions  of  brewing, 
such  as  are  customary  when  soft  water  is  in  use,  often 
facilitates  turbidity,  for  a very  simple  reason,  the  wort 
yielded  being,  in  so  many  words,  too  nutritive,  so  that 
by  the  time  ordinary  attenuation  is  accomplished  no 
sufficient  diminution  of  fermentative  character  has 
been  brought  about,  and  there  are  still  in  existence 
influences  that  keep  the  few,  or  comparatively  few, 
yeast  cells,  fully  expanded,  sufficiently  buoyant  to 
remain  suspended  without  exhibiting  the  slightest 
tendency  to  rise  to  the  surface.* 

If  such  be  a correct  explanation,  then  the  practical 
proof  of  it  should  be  remarkably  easy,  and  a simple 
increase  in  the  saline  nature  of  the  water  employed,  the 
proportion  of  sugar  customary,  or  the  use  of  a yeast 
less  vigorous  in  the  direction  of  alcoholic  fermentation, 

I refer  my  readers  to  my  occasional  notes  in  November, 
1883,  issue,  which  explain  pretty  fully  the  subject  of  racking,' 
condition  as  influenced  by  opacity  of  wort  at  time  (d 
gathering. 
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should,  either  separately  or  combined,  lead  at  once  to 
no  uncertain  improvement,  and  this,  I am  prepared  to 
say,  is  invariably  experienced  practically. 

In  making  a statement  of  this  kind  it  is  quite  as  well 
to  attach  this  rider  : — Exact  lines  of  working  require 
varying  according  to  local  circumstances,  so  it  is  diflS- 
cult,  if  not  impossible,  to  name  any  hard  and  fast  line 
of  proceeding  when  we  are  once  beyond  the  range  of 
main  principles.  I mention  this  as  there  are  so  many 
systems  of  hardenmg,  some  answering  better  in  one 
special  plant  than  the  others. 

Different  sugar  percentages  likewise  exhibit  varying 
influence  in  distinct  plants,  although  the  main  condi- 
tions of  brewing  may  appear  identical,  and  nothing  is 
more  common  than  to  find  a yeast  answering  in  one 
brewery  that  goes  altogether  wrong  in  another  where 
the  same  conditions  and  lines  of  working  are  hr  force. 
So  that  in  dealing  with  the  question  described  above, 
one  has  to  be  very  cautious  in  demonstrathig  the 
actual  cause  of  the  difficulty  and  suggesting  means  for 
overcoming  it. 

Again,  one  of  the  most  prominent  features  of  tur- 
bidity is  the  persistency  that  is  frequently  common  to 
it,  i.e.,  artificial  filtration  methods,  such  as  the  employ- 
ment of  filter  paper  or  finings,  do  not  overcome  it,  this 
form  of  turbidity  turning  upon  a very  different  prin- 
ciple, viz.,  the  affinity  which  a fluid  like  beer  has  for 
its  suspejided  extract  or  developing  yeast. 

Now,  acidity  directly  aids  such  affinity,  and  thus,  if 
our  beer  contain  yeast  havuig  no  special  tendency  to 
rise  or  smk,  and  different  varieties  of  .mere  amorphous 
matter  lacking  the  same  tendency,  it  may  happen  that 
the  affinity  of  the  fluid  is  sufficient  to  persistently  hold 
in  suspension  matters  that  should  rise  to  the  surface  or 
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subside  to  the  bottom.  The  obvious  method  for  avoid- 
ing such  result  is  to  prevent  any  weakening  of  yeast  weakyeaat. 
that  would  at  once  lead  to  the  presence  of  endless  cells, 
lacking  either  necessary  buoyancy,  or,  on  the  other 
hand,  requisite  gravity,  and  to  keep  out  of  our  worts 
semi-oxidised  amorphous  bodies  that  remain  miassimi- 
lated  and  in  merely  partially  dissolved  condition. 

One  of  the  commonest  little  experiments,  to  prove 
the  correctness  of  fermentation  lines,  is  the  filtration  of  iRta-ation  of 
beer  at  the  skimming  stage  through  ordinary  filter  ming  stage, 
paper,  the  brightness  of  the  filtrate  proving  that  up  to 
that  stage  such  affinity  as  the  fluid  has  for  suspended 
particles  is  mcapable  of  preventing  their  removal  by 
mechanical  filtration ; in  other  words,  it  shows  that 
the  wort  fermented  does  not  contain  semi-dissolved 
matter,  nor  has  the  yeast,  employed  for  inducing  fer- 
mentation, become  worn  out  and  weakened  in  accom- 
pHshmg  it. 

It  would  have  been  absurd  for  me  to  have  spoken 
of  turbidity  of  beer  as  resulting  from  variation  in  sur- 
face attraction  and  aeration  mfluences  without  reference 
to  this  latter  point,  which  constitutes  a factor  that 
brewers  have  quite  as  constantly  to  face. 

The  meaning  of  all  this  is  sufficiently  simple.  When 
brewers  begin  to  talk  about  comparative  merits  of  the 
union  as  compared  with  the  skimming  system  of 
cleansing,  they  must,  one  and  all,  take  into  consi- 
deration the  mfluences  that  I have  just  been  describing, 
and  it  is  not  difficult  to  see  that  the  subject  of  fermen- 
tation is  hedged  about,  as  I may  say,  with  a number  of 
petty  theoretical  details  which  require  carrying  out 
practically  if  we  expect  to  be  uniformly  successful. 

To  return  again  to  practical  working,  one  naturally  Aeration  inyaci- 
reverts  to  a consideration  of  skimming  verstcs  cleansing. 
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and  I would  strongly  advise  brewers,  when  passing 
their  beer  to  union  casks,  to  do  so  through  an  inter- 
mediate vessel  or  jack-back,  in  which  it  will  naturally 
undergo  a thorough  aeration,  while,  in  adopting  the 
skimming  process,  let  the  vessel  employed  be  sufficiently 
shallow  in  order  to  give  high  surface  attraction,  and  at 
the  same  time  a large  area  for  surface  exposure. 

There  is  no  doubt  that  carbonic  acid  is  very  injurious 
to  the  development  of  yeast,  many  brewers  dispelhng 
such  acid  by  some  method  of  plunging  or  arranging  a 
series  of  openings  in  sides  of  fermenting  vessel,  some 
few  inches  above  beer  line,  so  that  the  carbonic  acid 
atmosphere  may  flow  out,  simply  by  reason  of  its  own 
gi'avity. 

It  is  probable  that  a good  deal  of  the  mfluence  com- 
monly ascribed  to  aeration  may  be  indirectly  due  to 
prior  removal  of  carbonic  acid,  this  removal  bringing  a 
fresh  atmosphere  in  contact  with  the  fermenting  fluid, 
and  there  can  be  no  question  about  the  superiority  of 
the  fermentation  that  results  when  the  supernatant 
atmosphere  in  fermenting  tuns  is  kept  moderately  free- 
fr-om  the  gas  produced  by  the  sphtting  up  of  sugar, 
a gas  which  every  one  knows  is  altogether  opposed  ta 
vegetable  gi’owth. 

I cannot  do  better  than  set  out  now,  in  tabular  form, 
a sketch  of  a normal  fermentation,  first,  of  a sahne 
water  beer  cleansed  into  unions ; secondly,  the  same 
beer  as  progressing  when  skimmed ; thirdly,  the  medium 
fermentation  of  a beer  produced  with  moderately  soft 
water,  added  sugar  forming  a definite  portion  of  the 
extract ; and,  lastly,  a soft  water  beer  produced  entirely 
from  malt,  and  worked  in  stone  squares  or  in  closed 
rounds,  with  rousing  machinery  as  depicted  in  illustra- 
tion. 


MODERN  BREWING. 


183 


No.  I. 

Saline  Water  Beer,  no  Sugar,  Burton  Yeast.  Hard  water  and 

unions. 

] Cleansing  Method. 

2 lbs.  Yeast  per  Barrel. 

Monday  6 p.m.  , 58°  23 '0 

Tuesday  6 a.m 59°  21  ‘5 

,,  6 p.m 62°  18‘0 

Wednesday  6 a.m 65°  14 ‘5 

,,  6 p.m 68°  11  "2 

Cleansed  to  Unions  through  intermediate  aeration  hack. 

Thursday  6 a.m 69°  8 0 

„ 6 p.m 68i°  7-0 

Friday  6 a.m 68°  6'0 

Rapid  formation  of  yeast  after  cleansing,  attenuation  stop- 
ping on  Friday,  and  heat  gradually  decreasing  naturally. 

On  Saturday,  the  heat  being  65°,  attemperation  commences, 
and  on  Sunday,  at  6 p.m.,  at  59°  6‘0,  the  beer  passes  to  rack- 
ing-square for  drawing  off  on  Monday. 


No.  II. 


Saline  Water  Beer,  no  Sugar,  Burton  Yeast. 


Gravity,  1 
23-0  ) 

Skimming  system. 

2 lbs.  Yeast  per  Barrel. 

Monday 

6 p.m 

58°  

. 23-0 

Tuesday 

6 a.m 

59°  

. 21-5 

> J 

6 p.m 

62°  

. 18  0 

W ednesday 

6 a.m 

65°  

. 14-5 

)) 

6 p.m 

68°  

. 11-2 

Tliursday 

6 a.m 

70°  

. 8-5 

:immed  and  continued  doing  so  every  three  hours. 

Tliursday 

6 p.m 

71°  

. 7-0 

Friday 

6 a.m 

71°  

. 60 

)> 

6 p.m 

69°  

. 5-9 

Saturday 

6 a.m 

67°  

. 5-9 

6 p.m 

64°  

. 60 

Sunday 

6 a.m 

62°  

. 6-0 

Passed  to  racking-tank  at  6 p.m., 

CD 

o 

. 6.0 

24  hours  settling. 

Tlie  first  three  heads  skimmed  were  rejected,  the  remainder 
stored  for  pitching. 


Hard  water 
skimming. 
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Corporation 

water. 

Sugar. 

Skimming. 


No.  III. 

Medium  Fermentation,  Corporation  Water,  ^ to  i Sugar. 
Medium  Burton  Yeast. 

} Skimming  in  Shallow  Settlers, 
l^lb.  Yeast  per  barrel. 


Monday 

6 p.m 

59°  ... 

...  230 

Tuesday 

6 a.m 

60°  ... 

...  22-0 

,,  6p.m 

62°  ... 

...  200 

Wednesday  6 a.m 

65°  ... 

...  170 

Occasional  plunging  was  adopted  to  dispel  carbonic  acid. 


Wednesday  6 p.m. 

67°  

13-5 

Dressed  with  flour  and 

salt  and  ran  to  shallow 

skimming 

vessel. 

Thursday 

6 a.  m. 

69°  

10-0 

>) 

6 p.m. 

7or 

8 ‘5 

First  head  skimmed  off. 

Friday 

6 a.m. 

71°  

7-0 

Skimming  continuous,  the  beer  being  occasionally  pulled 
up  from  bottom. 


Friday 

6 p.m 

71°  .... 

60 

Saturday 

6 a.m 

70i°  .... 

..  5-8 

5) 

6 p.m 

69"  

..  5-8 

Beer  clean  and  falling  bright,  so  attemperated  rapidly  and 
passed  to  racking  vessel,  also  shallow. 

Jlonday  6 a.m 59°  6‘0 

Racking  inunediately. 


Stone  square. 


No.  IV. 

Yorkshire  System. 


Gravity,  1 

Sldmming  in 

gatheiing  vessel, 

stone  square. 

23  0 / 

or  round. 

1 lb.  yeast  per  barrel. 

Monday, 

6 p.m 

59°  .... 

..  23-0 

Tuesday 

6 a.m 

60°  .... 

..  22-5 

6 p.m 

61°  .... 

..  21-5 

Wednesday  6 a.m 

6.3°  .... 

..  190 

Started  pumping  with  alteimate  rouse  and  increased  number 

of  plunges  progressively. 

Wednesday  6 p.m 

65°  

..  16'5 

Thursday 

6 a.m 

67°  ...., 

..  14-0* 

6 p.m 

68°  

..  11-7 

* Dressed  with  flour  and  salt. 
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Friday 

6 a.m 

68f  

..  9-0 

6 p.m 

69V  

..  7-5 

Saturday 

6 a.ui 

70°  .... 

..  6-0 

Skimmed  to  finish. 

Saturday 

6 p.m 

70°  .... 

..  5-5 

Sunday 

6 a.m 

69°  .... 

6 p.m 

68i°  .... 

..  5-3 

Gradual  attempsration  from  this  time  till  Monday,  when 
the  beer  showed  signs  of  brightening,  and  attemperation  was 
carried  on  quickly,  the  beer  being  racked  on  Tuesday  eve  for 
working  out,  61°  5'3. 

Now  wliat  are  the  distinctive  differences  between  the 
fermentations  above  sketched  ? The  most  striking  seem 
to  be  difference  in  speed  of  attenuation  and  varying 
gravity  at  which  removal  of  yeast  is  commenced,  while 
if  the  yeast  outcrop  could  be  estimated  it  would  be 
fomid  enormously  large  by  comparison  in  the  case  ot 
example  IV.,  for  although  in  No.  III.  we  have  partial 
aeration  at  different  stages,  and  although  such  aeration 
tends  to  increase  the  yeast  crop,  increase  from  this 
cause  is  perhaps  more  than  counterbalanced  by  the  fact 
that  sugar  largely  enters  mto  the  composition  of  the  dry 
extract. 

In  the  case  of  examples  Nos.  I.  and  II.,  no  artificial 
aid  to  yeast  formation,  such  as  dressmg,  is  employed. 
The  beer  being  produced  entirely  from  malt  of  excej)- 
tionally  good  quality,  and  thoroughly  vegetated,  the 
added  yeast,  bemg  of  a vigorous  type,  induces  rapid 
alcoholic  change  with  but  slight  reproduction,  till 
towards  the  termination  of  attenuation,  i.e.,  some  few 
hours  after  distinct  aeration  commences,  while  in 
example  II.  yeast  formation  corresponds  with  com- 
mencement of  skimming,  a certain  amomit  of  surface 
aeration  then  resulting. 

I do  not,  of  course,  mean  to  assert  that  in  these 


Differences  in 
speed  of  attenu- 
ation. 


Nos.  I.  and  II., 
no  dressing. 


Fast  fermenta- 
tions. 
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quick  systems  reproduction  of  yeast  entirely  depends 
upon  a distinct  aeration  influence,  but,  at  any  rate, 
it  is  curious  to  observe  bow  closely  it  corresponds  with 
such  aeration,  and  there  is  no  doubt  that  in  the  case  of 
rapid  attenuation  the  splitting  up  of  sugar  is  entirely 
accomphshed  by  the  added  as  distinct  from  the  repro- 
duced yeast. 

Now,  the  saline  water  beers  exhibit  so  much  ten- 
dency to  facilitate  aggregation  of  yeast,  and  a cor- 
respondurg  spontaneous  brightenmg  of  beer,  that 
the  cooling  down  of  the  attenuated  beer  may  ap- 
parently be  carried  on  somewhat  quickly  and  without 
that  extreme  attention  to  detail  that  is  necessary  in 
example  III. 

In  this  instance  we  are  brewing  altogether  on  arti- 
ficial hues,  using  sugar  as  a substitute  for  malt ; en- 
deavourmg,  in  short,  to  modify  a comparatively  soft 
water  wort  so  that  we  may  cultivate  ha  it  successfully  a 
practically  speaking  hard  water  yeast,  and  my  experi- 
ence is  that  success  in  such  a process  hinges  very 
much  upon  frequently  dispelling  carbonic  acid,  occa- 
sionally inducing  direct  aeration,  and  towards  the 
latter  stages  encom’aging  the  development,  and  what 
I may  express  as  the  buoyancy  of  yeast  by  pre- 
venting the  slightest  check  in  temperatm’e  till  all 
yeast  is  eliminated,  and,  by  mechanical  pullvig  up, 
stirruig  up  any  sedimentary  yeast  there  may  be, 
givuag  it  by  contact  vuth  air  the  capacity  of  rising  to 
the  surface. 

I am  quite  aware  that  according  to  one  system  of 
aeration  an  actual  drop  in  temperature  is  adadsed,  but 
if  we  are  to  accept  Pasteur’s  anew,  and  if  we  are,  as 
brewers,  dealhig  with  plant  life,  the  development  of 
which  depends  so  much  upon  temperature,  then  I assert 
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that  alternate  rapid  rise  and  diminution  in  heat  of 
fermenting  wort  is  altogether  opposed  to  healthy  yeast 
growth,  although  I am  ready  to  admit  that  such  fall  in 
temperature  would  he  far  more  serious  at  the  yeast 
ehmination  period  than  during  the  preliminary  stages 
of  attenuation. 

These  remarks  apply  more  to  examples  I.,  II.,  and 
III.  than  to  systems  of  fermentation  that  are  carried 
on  by  means  of  a slow  yeast — often  developing  at  much 
lower  temperatures  than  those  specified  ui  example,  and 
if  any  special  significance  attaches  to  the  old  good 
quality  of  Pmicheon  beer,  of  which  the  modern  union 
beer  is  simply  a copy,  I should  say  it  is  because  such 
good  quality  coincided  with  distinct  aeration,  and  no 
possible  rapidity  of  coolmg  down. 

In  the  case  of  No.  IV.  we  come  to  an  example  of 
fermentation  widely  different,  a system  that  admits  of 
certam  variation,  for  I am  bound  to  state  that  such  slow 
system  is  far  more  satisfactory  in  an  open  roimd  or  a 
square,  practically  termed  closed,  but  yet  admitting  of 
constant  contact  of  air  with  yeast,  than  with  the 
original  closed  box,  denominated  a Yorkshire  stone 
square ; in  short,  if  the  matter  be  hivestigated,  it  will 
be  found  that  no  stone  square  brewer  is  now  brewhig 
upon  the  original  lines. 

One  and  all  carry  on  a modified  system  necessitated 
by  altered  conditions  of  brewing,  and  the  observation 
at  bottom  of  example  IV.,  that  beer  is  racked  for  work- 
ing out,  is  significant  as  proving  that  with  all  the  modi- 
fications they  have  made  they  still  have  to  rely  upon 
artificial  methods  of  clarification  to  give  them  the  neces- 
sary absence  of  suspended  yeast  in  the  beer  shipped  to 
customers. 

The  subject  is  worthy  of  full  explanation.  Stone 
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square  brewers,  in  the  majority  of  instances,  employ . 
malt  of  heavy  nitrogenous  character,  and  the  brewing 
waters  being  more  or  less  extractive,  the  entire  malt 
worts  are  correspondingly  heavy,  or,  what  is  more  sug- 
gestive, yeasty  in  nature. 

I am  quite  aware  that  the  origmal  stone  square  worker 
knew  nothing  of  aeration ; he  thought  of  it  quite  by 
accident,  since  he  fomid  that  fermentation  m the  closed 
vessel  was  remarkably  sluggish  without  it,  and  it  was 
the  adoption  of  distinct  and  constant  aeration  by  pump- 
mg  and  plungmg  that  led  to  the  modification  of  yeast, 
giving  it  that  capacity  of  self-reproduction  that  enabled 
him  to  remove  from  his  heavy  wort  the  large  excess  of 
yeast-forming  bodies  that  it  contained,  bringing  it  thereby 
into  a condition  of  stabihty. 

The  lower  temperature  usual  in  such  systems  is  per- 
fectly natural : the  fermentation  was  slow,  and  there  was 
no  incentive  to  rapid  increase  of  heat,  and  the  brewers 
too  were  constantly  m dread  of  alcohohc  oxidation,  smce 
in  those  days  Liebig’s  views  on  fermentation  were  more 
or  less  popular ; and  I believe  it  was  quite  as  common 
for  a stone  square  brewer  to  employ  warm  liquor  for 
preventmg  a drop  in  temperatm’e  as  it  is  for  the  brewer 
on  other  systems  to  use  cold  to  ensure  it,  this  provmg 
that  in  the  old  stone  square  method  there  was  no 
great  tendency  for  the  contents  of  the  stone  to  rise  in 
heat. 

This  means  that  with  slow  systems  it  is  quite  common 
to  find  the  usual  range  between  59°  and  65°,  and  the 
curious  difference  in  result  that  I myself  have  noticed 
is  that  the  reproduction  of  yeast  at  this  comparatively 
low  temperature  puts  an  end  to  much  of  the  danger 
attaching  to  quick  attemperation.  I have  seen  endless 
quantities  of  beer  cooled  rapidly  from  65°  to  58°,  the 
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reduction  commencing  at  the  skimming  point  without 
seemmg  to  interfere  in  any  way  with  the  spontaneous 
clarification  of  the  beer.  This  was,  however,  under 
exceptional  ch’cumstances,  and  is  not  the  present  ex- 
perience of  stone  square  brewers,  who  suffer  far  more 
than  others  from  the  altered  conditions  of  brewmg  that 
are  now  so  promment. 

It  will  be  noted  that  in  example  IV.  the  removal 
of  yeast  does  not  commence  till  attenuation  is  practically 
complete,  this  showing  how  much  this  description  of 
ferment  depends  upon  combmed  motion  and  aeration 
for  its  vigorous  development.  This  fact  is,  perhaps,  in 
a certain  sense  disadvantageous,  putting  an  end  to  all 
chance  of  yeast  selection,  the  whole  of  the  very  large 
crop  commg  off  practically  in  a single  skimming,  and 
being,  as  I have  before  pointed  out,  more  or  less  ma- 
tured in  character. 

There  is  another  point  about  such  beers  worthy  of 
notice,  since,  as  they  are  fermented  at  low  tempera- 
tures and  constantly  capped  with  a dense  head  of 
yeast,  much  carbonic  acid  that  would  otherwise  Carbonic  acid, 
escape  is  held  in  complete  solution,  exhibiting  its 
influence  in  two  distinct  ways — thus,  when  m solu- 
tion it  gives  to  beer  a hot  stinging  palate  character, 
and,  secondly,  when  the  beer  is  agitated  by  passage 
fi-'om  one  vessel  to  another,  portions  of  it  are  set  free, 
exhibiting  itself  by  the  appearance  of  a film  of  yeast 
on  surface,  thrown  up  there  by  the  supporting  agency 
of  the  liberated  gas  in  place  of  depositmg  itself  on  the 
bottom. 

I ask  any  of  my  readers  knowing  the  details  of  such  Redeeming 
a system  if  I am  not  correct  m my  statement.  Are  sq^^'beers!'^ 
not  such  beers,  whatever  their  defects  may  be,  of 
extreme  palate  wai'mth  and  fulness  ? And  do  they 
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ever  exhibit  that  abominable  flatness  by  settling  which 
is  so  characteristic  of  beers  fermented  quickly  at  high 
temperatures  and  much  exposed  durmg  skimmmg? 
Certanily  not ; they  always  appear  charged  mth  car- 
bonic acid,  and  it  is  there  as  the  result  of  low  tempe- 
ratm'e  and  the  deep  head  of  yeast  that  prevents  its 
escape. 

It  is  quite  common  to  see  a hght  held  directly  over 
one  of  the  deep,  thick  heads  of  yeast  without  being 
in  the  slightest  degree  affected ; m other  words,  at- 
tenuation is  going  on,  sugar  is  splitting  up,  carbonic 
acid  is  being  hberated,  and  yet  none,  or  next  to 
none,  is  being  set  free,  and  it  reminds  me  in  modified 
degree  of  much  that  is  common  m the  case  of  a Lager 
beer. 

This  is  paintuag  a picture  that  may  be  too  tempting 
for,  as  I have  said,  spontaneous  clarification  is  one  of 
the  main  principles  of  fermentation  ; and  I fear  it  is  no 
longer  normal  in  the  case  of  a stone  square  beer  pro- 
duced on  the  old  hues. 

I have  not  time,  nor  is  it  necessary,  to  enter  deeply 

into  the  reasons  of  this.  Let  it  suffice  that  the  vast 

Necessary  alter-  alteration  ill  general  character  of  malt,  the  altered  con- 
ations to  pro- 
cess. dition  of  its  albummous  constituents,  even  after  the 

most  perfect  vegetation  that  is  now  possible,  leaves 
the  stone  square  brewer  with  an  entire  malt  wort  that 
no  longer  spontaneously  brightens  on  completion  of 
attenuation,  so  he  seeks  relief  by  modifymg  the  crude 
nature  of  wort  by  the  very  means  that  others  adopt 
— partial  hardening  of  water,  use  of  sugar,  and  so 
forth,  the  stone  square  ferment,  in  result,  being,  in  con- 
sequence, very  different  from  what  it  was  a few  years 
ago. 

It  will  be  noticed  that  in  examples  III.  and  IV., 
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mention  is  made  of  dressing,  this  being  composed  Dressing, 
usually  of  flour,  wheaten  or  malt,  and  salt,  and  it  is 
employed  for  a very  definite  purpose  ; in  example  III., 
for  directly  nourishing  the  yeast ; in  example  IV.,  for 
effecting  by  such  nutriment  the  greater  ehmination 
of  gas  to  support  the  dense  head  of  yeast  which  usually 
exists.  It  is  at  first  sight  difficult,  perhaps,  to  under- 
stand how  crude  starch  and  albumen  can  act  as  the 
nutriment  of  cell  life  that  feeds  itseK  by  absorbing 
soluble  nutriment  only  through  the  pores  of  the  cell 
wall. 

That  such  assimilation  does  take  place  is,  I thmk,  its  assimilation, 
self-evident,  although  certain  observers  describe  the 
action  of  dressing  as  a determining  cause  or  catalytic 
agency,  facilitating  the  sphtting  up  of  some  partially 
fermentable  compounds  ; but  the  majority  conclude  that 
the  crude  albummous  matter,  in  contact  with  salt  and 
developing  yeast,  immediately  digests,  while  the  starch 
either  sinks  insoluble  to  the  bottom  of  the  vessel  or 
gradually  splits  up,  as  it  is  known  to  do  during  pro- 
longed fermentation. 

It  must  be  remembered  that  the  quantity  of  floin’  so  auantities 

. T . . . . - employed. 

added  is  very  minute,  and  it  is  quite  evident  that  any 
large  proportion  would  lead  to  the  most  disastrous 
results,  as  many  have  experienced.  The  usual  quantity 
employed  is  1,  or,  as  an  extreme,  2 oz.  flour  per  barrel, 
and  ^ to  1 oz.  salt ; these  being  thoroughly  whisked  up 
in  a tub  with  some  of  the  fermentmg  beer,  so  that  all 
lumps  are  perfectly  broken,  the  mixture  bemg  then 
scattered  over  bulk  with  a good  rouse. 

It  may  be  advisable  to  mention  here  the  subject  of  Addition  of 
added  salt,  there  being  an  impression  that  such  addi- 
tion  is  illegal.  The  only  law  on  the  subject  is  specified 
in  one  of  the  clauses  of  the  Food  Adulteration  Act,  and 
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if  county  analysts  find  an  excessive  quantity  of  salt  in 
beer,  they  can  proceed  against  the  producer  of  it.  We 
doubt  very  much  if  50  grs.  per  gall,  would  be  con- 
sidered an  excess,  as  many  beers  naturally  contain 
much  more. 

On  the  other  hand,  the  addition  of  flour  is  opposed 
to  excise  regulations  ; but  I have  never  found  difficulty 
in  obtaining  the  necessary  permit.  Inland  Revenue 
officials  being  very  liberal-minded  on  such  matters  if 
they  recognise  the  fact  that  brewers  intend  no  sort  or 
kind  of  fraud. 

I naturally  come  now  to  discuss  the  question  of 
racking  brightness.  What  is  meant  by  this  term  ? It 
would,  I think,  be  absurd  to  lay  down  a general  rule  ; 
a degree  of  brightness  that  answers  in  one  brewery 
may  be  altogether  unsuitable,  or  short  of  what  is 
necessary,  in  another. 

Let  me  illustrate  this  practically.  A large  quantity 
of  the  London  public-house  beer  is  delivered  with  a 
considerable  proportion  of  suspended  yeast  present, 
and  with  a certain  amoimt  of  fermentative  energy  stfil 
existing ; the  beer  being  immediately  fined  by  the 
publican,  the  fining  material  and  collected  impurities 
rising  to  the  surface  and  passing  out  through  bunghole. 
It  is  quite  evident  that  such  a degree  of  rackmg  bright- 
ness would  not  answer  mider  a different  system  of  sale, 
but  even  with  similar  shipment  conditions  varymg 
degrees  of  brightness  become  necessary,  this  being 
necessitated  almost  entirely  by  the  differing  character 
of  water  in  use. 

For  instance,  a Burton  brewer,  up  to  recent  times  at 
any  rate,  paid  but  scanty  attention  to  racldng  bright- 
ness, the  sulphates  and  chlorides  of  his  bremng  water 
determining  an  undoubted  conglomerating  tendency  of 
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yeast  with  a lesser  fermentative  character  of  wort,  so 
that  the  racked  beer,  even  not  pleasingly  bright,  rapidly 
became  so  in  cask,  without  the  least  danger  of  a prac- 
tical kick  up  or  fret. 

On  the  other  hand,  the  brewer  who,  in  spite  of  all 
his  knowledge  and  care,  finds  that  his  original  soft,  or, 
perhaps,  artificially-hardened,  water  still  gives  a beer 
in  which  this  ready  conglomeration  of  yeast  is  not  seen, 
and  which  itself  exhibits  a strange  tendency  to  rapid 
secondary  fermentation,  finds  it  of  the  utmost  import- 
ance to  obtain  a racking  sample  as  bright  as  possible, 
absolutely  briUiant  in  a tin  taster  and  pleasingly  bright 
even  in  a tumbler. 

If  the  necessity  is  allowed,  let  us  examine  for  a Hindrances  to 

1 i 1 • n , 1 , . . bright  racking 

iHoment  tne  intiuences  that  prevent  it,  since  I have  samples, 
mentioned  some  that  directly  aid  it,  and  very  briefly, 
one  or  two  that  explained  a certain  difference  expe- 
rienced in  working  a combined  union  and  slamming 
plant.  I am  quite  ready  to  admit  that  there  is  such  a 
thmg  as  over-stewing  of  wort ; nay,  I believe  that  it  is 
an  actually  injm’ious  proceeding  if  the  wort  does  not 
contam  starch  ; but  in  many  instances  stubborn  attenu- 
ation and  sluggish  clarification  coincide  with  non-atten- 
tion to  the  necessity  for  completing  in  copper  what 
should  have  resulted  in  mash  tun. 

Again,  a large  number  of  brewers  are  in  the  habit  of  slack  malt, 
exposing  malt  to  the  atmosphere  in  sacks  : it  absorbs 
moisture,  becomes  slack,  and  a degraded  condition  of 
nitrogenous  matter  results.  Unfortunately,  the  evil 
does  not  end  here,  smce  in  every  case  such  a malt 
yields  a wort  that,  during  fermentation,  becomes 
charged  with  a minute  variety  of  cell  life,  directly 
caused  by  the  modified  condition  of  original  albumen ; 
and  the  brewer  experiences  what  he  terms  greyness,  Grej-ue.ss. 
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supposing  that  greyness  is  the  direct  result  of  dissolving 
the  extract  from  slack  malt. 

He  generally  notices  that  the  wort  is  also  more  or 
less  cloudy ; but  the  persistent  dulness  even  of  his  fine 
beer  is  due  to  actual  suspended  yeast  cells  of  mmute 
size,  which  pass  easily  through  filter  paper  and  the 
gelatinous  membrane  of  added  finmgs  ; and  this  can 
be  readily  proved  by  simply  neutralising  the  acidity  of 
such  a beer.  In  a short  time  the  sample  will  become 
brilliant,  or  it  will  filter  at  once,  for  reasons  I explained 
when  dealing  with  the  subject  of  affinity  a few  pages 
back. 

Thus,  as  regards  spontaneous  brightening,  the  sum 
total  of  influences  seems  to  hinge  on  combined  sm-face 
aeration,  smrface  attraction,  effectual  diminution  of  fer- 
mentative capacity,  the  use  of  perfect  malt,  or,  when 
employing  imperfect  material,  the  careful  manipulation 
of  such  in  mash  tun  and  of  its  wort  in  copper.  To 
these  we  may  add  temperature  as  a question  of  moment, 
while  the  influences  named  above  cover,  of  com'se, 
considerations  of  depth. 

Before  proceeding  to  the  subject  of  settling,  we  must 
look  for  a moment  at  what  is  meant  by  the  necessity 
for  exact  unison  between  yeast  employed  and  wort 
fermented.  It  may  he  explained  practically  in  this 
^ay — If  yeast,  cultivated  ha  wort  of  one  standard  cha- 
racter, and  under  certain  conditions  of  motion  and 
disthict  aeration,  be  transplanted  into  an  entirely  dif- 
ferent wort,  with  the  absence  of  such  conditions,  its 
growth  naturally  suffers ; and  we  find  that  diminutive 
forms  of  cell  life  appear  as  the  result. 

We  have,  in  fact,  a repetition  of  the  eadls  experienced 
when  using  slack  malt,  and  this  explains  why  a very 
general  principle  of  yeast  use  may  be  laid  down  ; for  it 
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is  mere  absurdity,  as  any  tyro  can  see,  to  expect  perfect 
fermentation  if  we  attempt  to  cultivate  yeast  under 
diametrically  opposite  conditions  to  those  that  the 
mother  crop  was  accustomed  to. 

For  instance,  the  introduction  of  a powerful  Burton 
yeast  into  a stone  square  placed  ui  a wort  usually  fomad 
in  such  vessels  would  find  the  brewer,  at  the  close  of 
fermentation,  with  a heavy  crop  of  bottom  yeast,  and 
a beer  persistently  turbid ; and  much  the  same  result 
would  follow  if  a slow  stone  square  yeast  were  used  to 
induce  fermentation  in  a wort  normal  to  the  miion 
system  of  Burton. 

These,  of  course,  are  extreme  examples  of  my  mean- 
ing, but  they  are  not  the  less  suggestive  for  being  so. 
I admit  that  modification  of  yeast  is  possible.  I have 
said  this  in  so  many  words  when  discussing  the  theory 
of  fermentation,  and  I could,  no  doubt,  in  a series  of 
growths,  modify  a stone  square  yeast  into  Burton  barm, 
and  vice  versd,  but  brewers  carniot  afford  to  carry  out 
theoretical  views  of  this  kind,  since  the  beer  during 
these  series  of  growths  effecting  modification  would 
probably  be  unsaleable.  We  all  understand  that  the 
yeast  of  the  present  day  has  been  produced  from  an 
origuial  common  stock,  but  do  not  let  any  one  delude 
himself  that  it  is  either  wise  or  profitable  to  attempt 
modification  in  our  daily  operations. 

Enquiries  are  endless  as  to  suitable  sources  of  yeast 
supply.  There  is  perhaps  no  more  important  question 
in  practical  brewing,  no  question  more  hedged  about 
with  difficulties  when  one  seeks  to  give  definite  reply. 
Broad  lines  of  selection  may  be  laid  down,  a^d  it 
devolves  upon  each  brewer  to  so  watch  his  fermentation 
process  that  the  yeast,  selected  for  quahties  most  in 
unison  with  his  wort  conditions,  should  reproduce  itself 
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efficiently,  and  give  that  spontaneous  clarification  that 
is  mvariably  a sui’e  sign  of  success. 

If  I am  fermenting  a strictly  soft  water  wort,  I should 
naturally  go  for  a yeast  supply  to  Yorkshhe  or  Lan- 
cashire, where  such  worts  are  usually  to  be  found,  and 
which  yield,  as  I have  explained,  a definite  yeast. 

On  the  other  hand,  if  I am  deahng  with  a saline 
water  wort,  I should  seek  a yeast  supply  from  well- 
Imown  brewing  centres  where  hard  waters  are  used. 
Lastly,  if  I am  a user  of  saccharme  as  a substitute  for 
malt,  if  I partially  harden  my  brewmg  water  and  pro- 
duce an  artificial  kind  of  wort  somewhat  resembling 
that  naturally  resulting  when  usmg  medium  waters,  I 
go  to  a centre  of  yeast  supply,  to  a brewery  carrying 
out  operations  on  this  exact  principle,  or  to  one  that 
has  a natm’al  wort  somewhat  resembling  the  strictly 
artificial  one  referred  to. 

These  are  what  I term  the  broad  lines  of  yeast  selec- 
tion ; it  would  be  mifair  to  name  the  individual  yeasts 
I refer  to,  but  I know  a large  number,  and  there  is  not 
the  slightest  doubt  that  this  question  alone  lies  at  the 
bottom  of  many  noted  examples  of  success,  and  quite 
as  many  unfortmiate  evidences  of  disaster. 

It  will  have  been  noticed,  in  the  examples  of  fermen- 
tation given,  that  some  beers  are  settled  for  a very  short 
period,  others  for  a longer  time,  and  this  brings  us  to 
the  subject  of  setthng.  The  racking  tank  of  years  ago 
was,  generally  speaking,  a deep  square  vessel,  in  which 
beer  cooled  doAvn  to  the  racking  temperature,  and 
became  moderately  free  from  yeast.  Beer  was  allowed 
to  settle  for  24,  36,  or  48  hours,  to  attain  the  degree  of 
brightness  thought  necessary ; this,  of  comse,  being 
facilitated  by  the  combined  influence  of  the  clean  sm’- 
face  attraction  and  surface  exposure  to  air. 
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In  some  cases  the  beer  would  carry  a distinct  layer 
of  yeast  on  surface,  in  others  none  at  all,  this  turning 
principally  on  the  question  whether  the  beer  had  been 
fermented  on  a slow  or  fast  system,  and  the  degree  of 
cleanness  that  had  been  arrived  at  prior  to  its  removal 
from  cleansing  casks  or  squares.  This  lengthy  settling 
in  a clean  vessel  led  almost  invariably  to  great  flatness, 
and,  of  course,  in  a certain  sense,  to  possible  oxidation 
of  alcohol  by  the  direct  mtervention  of  a surface 
ferment. 

The  tendency  of  modern  thought  has  been  in  the 
direction  of  so  improving  fermentation  systems  gene- 
rally that  no  necessity  should  exist  for  the  prolonged 
settlement  of  finished  beer  in  contact  with  air. 

In  many  breweries  the  setthng  vessel  has  become 
merely  the  racking-tank,  the  beer  passmg  into  it  almost 
sufficiently  bright  for  immediate  racldng,  and  this  has 
chiefly  been  accomplished  by  the  mtroduction,  in  many 
plants,  of  the  intermediate  shallow  skimming-square,  a 
vessel  admirably  adapted  for  facihtatmg  clarification, 
oven  while  yeast  elimination  is  in  full  progress. 

The  brewers  working  with  unions  have,  by  attention 
to  small  details,  succeeded  m gettmg  the  beer  bright 
therein,  so  as  to  render  after-settling  a matter  of  small 
moment.  A few  weeks  ago,  at  Burton,  I had  direct 
confirmation  of  this  view  in  seeing  beer  racked  direct 
fiforn  union  casks,  an  undoubted  novelty  in  that  well- 
Imown  centre  of  brewing. 

The  use  of  preservatives  has  been  of  immense  service 
to  the  brewers  using  settling-tanks  on  the  old-fashioned 
plan,  since,  in  addmg  some  quarter-pint  of  calcic  bisul- 
phite to  each  barrel  of  beer  in  tank,  very  little  harm 
could  result  from  the  prolonged  exposure  ; while,  on  the 
•other  hand,  I have  frequently  seep  beer  left  in  Settling- 
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vessels  without  covers  or  attemperators  rising  in 
temperature  and  entering  into  a distinct  secondary  fer- 
mentation prior  to  racking. 

If  settling-vessels  are  to  be  used  for  the  old  purpose, 
they  should,  midoubtedly,  have  proper  covers  to  keep  out 
dust  and  du*t,  and  attemperators  sufficiently  powerful 
to  control  temperature  ; while  the  beer  should  be  passed 
to  them  in  such  a condition  as  to  allow  of  a protecting 
film  of  yeast  being  thrown  to  the  surface,  although  such 
film  puts  an  end,  of  course,  to  the  surface  aeration  in- 
fluence ; hut  in  some  cases  we  have  to  ignore  this  to 
prevent  undue  flattening. 

It  has  often  been  remarked  that  the  shifting  of  beer 
from  one  vessel  to  another  with  final  lengthy  settling, 
has  been  the  mam  cause  of  brewers’  beer  losing  the  old- 
fashioned  home-brewed  flavour  so  much  prized  by  many 
consumers.  Of  course,  competition  has  given  rise  to 
many  changes  in  the  general  character  of  beer,  but 
there  is  no  doubt  that  there  is  a considerable  amount  of 
truth  in  the  argument  above  referred  to,  as  can  be 
readily  ascertained  if  we  taste  a beer  as  it  exists  in  a 
cleansing-vessel,  and  the  same  beer  after  it  has  been 
finally  placed  in  the  trade  cask. 

All  the  older  beers  were  most  probably  stored  in  the 
casks  in  which  working  off  had  taken  place ; this,  m 
great  measure,  being  the  basis  of  the  peculiar  flavour 
attaching  to  good  public-house  beer,  and  thus  we  find 
several  very  extensive  brewers  carrying  out  a system  oi 
cleansing  directly  based  upon  the  principle  of  retainmg 
the  old-fashioned  flavom’  in  preference  to  the  cleaner 
palate  taste  of  the  beer  finally  racked  into  clean  casks 
for  shipment. 

The  system  I refer  to  is  that  of  simply  worldng  the 
beer  in  gathering  square  till  two-thirds  attenuated,  and 
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then  cleansing  it  direct  into  carriage-casks  placed  in 
tiers ; some  brewers  gouig  so  far  as  to  have  a series  of 
rooms  m which  such  casks  are  placed,  kept  at  different 
temperatm-es  suited  to  the  stage  of  fermentation  then 
progressmg,  their  main  object  being  to  prevent  coolhig 
do-wn  imtil  yeast  is  fully  eliminated. 

May  not  we  suppose  also  that  they  have  experienced 
benefit  in  pulling  down  tiers  of  casks  filled  with 
cleansmg  beer,  and  restacldng  these  in  a room  below  at 
a different  temperature,  this  removal  leading  to  that 
land  of  aeration  that  is  so  useful  in  aidhig  the  ehmi- 
nation  of  the  last  portions  of  yeast  of  practically  poor 
buoyancy.  In  this  system  the  trade  cask  cleansmg- 
vessels  are  topped  over  just  as  puncheons  were,  any 
excess  of  bottoms  being  eventually  drawn  out  by  means 
of  suction  tubes,  a few  finings  being  introduced  after 
hoppmg  prior  to  shipment. 

.The  subject  is  worth  mention,  as  the  beer  so  worked 
seems  specially  fitted  for  private  trade  consumption, 
shice  beers  racked  clean  into  very  small  casks  are  apt 
to  be  exceptionally  flat,  and  those  worked  m these 
small  casks  have  always  sufficient  sedimentary  matter 
present  to  keep  them  more  or  less  lively ; so  however 
beneficial  the  system  may  be  in  one  way,  it  would 
hardly  answer  for  stock  or  export  beers. 

It  will  be  convenient,  in  discussing  the  question  of 
temperature  as  affecting  fermentation,  to  explain,  also 
very  briefly,  the  subject  of  attaining  those  special 
qualifications  of  Lager  beer  that  are  so  much  admired 
by  English  consumers — viz.,  uniform  brilliancy  and 
condition.  It  is  a point  of  popular  knowledge  in 
England  that  high  temperatures  communicate  a dis- 
tinctive flavour  of  beer  that  is  much  sought  after,  but 
high  temperatures  are  not  always  safe,  and  having 
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vegetable  life  of  different  varieties  to  deal  witb  we  have 
to  steer  clear  of  aiding  too  much  the  development  of 
such  forms  as  induce  premature  acidity. 

Now,  the  two  conditions  which  enable  the  brewer 
to  adopt  a high  range  of  temperature  with  impunity 
seem  to  be  the  use  of  caramehsed  malt,  as  ui  porter 
bretving,  or  the  employment  of  a water  excessively  salt 
(chloride  of  sodium).  Under  such  circumstances  a suc- 
cessful range  of  from  60°  to  80°,  and  in  some  instances 
to  90°,  is  possible  and  advantageous,  the  special  benefit 
arising  from  the  mcreased  development  of  some  distinct 
yeast  corresponding  to  the  high  range  of  temperature. 

Do  not  let  me  be  misunderstood : I cannot  and  do 
not  advise  such  high  temperatures,  and  the  majority 
of  brewers  have  found,  and  will  continue  to  find,  that 
a range  under  70°,  although,  perhaps,  giving  the  colder 
palate  taste,  is  by  far  the  safest  in  view  of  the  practical 
impm’ity  of  commercial  yeast. 

I have  before  explained  the  main  principle  of  fer- 
mentation under  a temperature  of  50° ; it  precludes  the 
development  of  any  species  of  diseased  ferment,  and 
facihtates  the  solution  of  much  carbonic  acid,  while  as 
the  yeast  is  of  bottom  variety  the  wort  during  fer- 
mentation is  constantly  in  contact  with  the  air,  which 
undoubtedly  exercises  its  usual  influence. 

The  succeeding  steps  in  the  production  of  a Lager 
beer  are  sufficiently  simple.  The  beer,  attenuated  at 
the  low  temperature  in  open  vats  of  small  size  placed 
in  rooms  constantly  kept  at  about  45°,  or  ranging  down 
from  this,  is  removed  into  vessels  somewhat  resembling 
union  casks,  where  subsidence  of  bottoms  takes  place, 
and  where,  in  many  cases,  actual  brilliancy  is  enforced 
by  the  use  of  a few  finings. 

It  is  next  moved  to  a similar  series  of  vessels  in 
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complete  connection,  not  only  for  direct  racking,  but 
also  witli  an  automatic  pump  for  a purpose  afterwards 
to  be  named.  In  this  series  of  vessels,  still  kept  at 
the  low  temperature  named,  the  bright  beer  is  treated 
with  a minute  quantity  of  fermenting  wort,  sufficient  to 
•commmiicate  fermentative  action  to  the  whole  bulk, 
without  being  in  such  excess  as  to  cause  turbidity. 

Those  who  have  had  practical  experience  of  bottom 
fermentations  will  remember  that  even  when  in  full 
progress  the  beer  looks  remarkably  clear,  the  aggre- 
gation of  yeast  seeming  the  special  feature,  so  that 
there  is  nothing  very  strange  in  bringing  about  an 
incipient  fermentation  without  turbidity,  this  being 
induced  to  counterbalance  such  flattening  as  may  have 
been  occasioned  by  artiflcial  flning. 

Li  this  last  set  of  vessels  duly  fitted  with  pressure- 
gauge  the  beer  becomes  perfectly  brilliant,  and  at  the 
same  time  charged  with  more  gas,  so  that  actual  pres- 
sure in  cask  results,  and  the  use  of  the  automatic  pump 
is  seen  at  racking  stage  when  the  beer  is  drawn  off  into 
shipment  casks  of  small  size,  the  exact  pressure  in 
clearing  cask  being  kept  actually  steady  durmg  the 
rackuig  process,  so  that  no  disturbance  of  any  possible 
sediment  results,  the  beer  being  forced  into  trade  casks, 
not  only  bright,  but  under  a shght  pressure,  which  even 
increases  the  condition  that  the  fluid  would  otherwise 
have. 

This  turns  upon  a very  nice  principle.  From  first 
to  last  the  beer  durmg  its  fermentation,  cleansing, 
racking,  and  storage  exists  at  a temperature  between 
45°  and  40°,  it  is  racked  perfectly  bright,  and  if  trade 
casks  are  quickly  shived  up  it  exists  thereui  imder  a 
certani  pressure.  Now,  what  happens  when  such  beer 
is  removed  into  the  warmer  cellars  of  the  consumer  ? 
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It  rises  in  temperature,  gas  is  liberated,  the  pressure  in 
cask  is  increased,  and  on  drawing  off  it  foams  as  if  a 
violent  fermentation  were  in  progress,  and  yet  there  is 
none  at  all,  while  the  beer,  bright  at  the  low  tem- 
perature named,  is  superlatively  brilliant  at  the  higher 
one  of  consumption,  and  thus  we  see  that  much  of  the 
mystery  of  Contmental  beer  depends  upon  the  very 
simple  influence  of  temperature,  although  I am  leaving 
out  of  question  peculiarities  of  palate  taste  that  are 
mainly  due  to  the  distmct  mashing  system,  and  the 
practice  that  Contuiental  brewers  have  of  tarring  the 
interior  of  their  casks. 

Beers  of  this  description  are  frequently  seen  in  bottle 
without  deposit,  and  yet  in  brisk  condition.  Such  sam- 
ples have  merely  been  sterilised  after  bottling,  a process 
that  has  destroyed  all  false  ferments,  while  the  beer, 
coming  into  warmer  climates  than  correspond  to  the 
exceedingly  low  temperature  of  fermentation,  sparkles 
and  creams  as  a high  fermentation  beer  does  when 
distinct  attenuation  has  resulted  in  cask  or  bottle. 

These  matters  are  sufficiently  mteresting,  and  could 
hardly  be  left  unnoticed  when  dealing  with  temperature 
as  an  influence  on  fermentation ; and  although  it  is 
absurd  to  suppose  that  English  brewers  could  not 
produce  a Lager  beer,  it  is  positively  insane  to  expect 
them  to  do  so  with  present  plant  arrangements  and 
existing  cellarage. 

If  the  English  people  exhibit  a disposition  to  prefer 
a bottom  fermentation  beer  to  a high  fermented  article, 
then  it  will  be  easy  for  capitahsts  to  supply  it ; but  it  is 
well  to  remark  that  the  stability  of  such  beers,  if  not 
induced  by  sterilisation,  entirely  depends  upon  the  low- 
ness of  temperature  during  storage  and  up  to  period  of 
consumption. 
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This,  at  any  rate,  is  the  rule  with  the  vast  hulk  of 
Lager,  although  qualities  of  bottom  fermented  beer  are 
produced  that,  with  a considerable  percentage  of  alcohol 
present,  exhibit  a character  of  stability,  even  when  re- 
moved into  warm  cellars  some  10  or  15  degrees  higher 
than  the  temperature  of  the  store  from  whence  they 
came.  Before  entering  upon  a general  recapitulation  of 
the  subject  of  fermentation,  let  me  tm*n  attention  to  the 
matter  of  yeast  storage  and  treatment. 

I have  observed  more  than  once  that  weak  yeast 
is  at  the  root  of  many  disasters,  such  weakness  re- 
sulting from  insufficient  nutritive  character  of  wort,  and 
there  may  be  fomid  even  yet  a possible  system  of  suc- 
cessfully feeding  yeast  before  mtroducmg  it  into  bulks  of 
wort.  Unfortunately  we  do  not  appear  to  have  any  very 
ready  source  of  digested  albuminoids,  so  we  fall  back,  as 
I have  said,  on  crude  flour. 

We  have,  at  any  rate,  artificial  supplies  of  saline 
nutriment,  and  the  use  of  these  often  leads  to  con- 
siderable advantage,  while  too  much  could  not  be 
said  on  the  subject  of  feeding  with  a concentrated 
malt  wort,  as  briefly  referred  to  before,  such  strong 
wort  containing  all  the  essential  elements  of  yeast,  so 
that  by  planting  in  it  the  “ store  ” to  be  employed 
for  pitching,  each  cell  soon  exhibits  the  influence  of 
the  food,  they  expand,  vacuoles  become  clearly 
marked,  buds  detach  themselves,  and  the  yeast  be- 
comes capable  of  starting  in  vigorous  in  place  of 
weakly  condition,  to  accomphsh  the  office  for  which  it 
is  employed. 

If  aids  of  this  kind  are  necessary,  steps  should  also 
be  taken  to  prevent  deterioration  of  barm  after  it  is 
removed  from  the  beer ; and  I have  previously  noticed 
that  yeasts  differ  materially  in  the  degree  of  maturity 
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that  they  have  attained  at  the  period  of  removal.  This 
is  of  importance,  m so  far  as  beer  should  always  be  left 
in  contact  with  yeast  till  maturity  is  attained,  and  when 
once  this  stage  is  reached  the  fluid  portion  should  be 
drawn  away. 

From  this  we  shall  see  that  the  outcrop  from  a slow 
fermentation  may  be  drained  with  advantage  sooner 
after  collection  than  that  from  a rapid  fermentation, 
and  after  draining  is  complete  the  yeast  should  be  care- 
fully watched,  so  that  it  is  used  before  any  actual 
deterioration  sets  in. 

The  majority  of  brewers  would  judge  of  this  fitness 
for  use  by  mere  practical  indications — its  colour,  smell, 
and  degree  of  solidity,  while  the  microscope,  of 
course,  is  of  service  at  this  stage  in  demonstrating  its 
purity  and  absolute  physical  vigour ; but  in  my  experi- 
ence there  is  one  very  common  form  of  deterioration 
that  becomes  practically  evident  some  considerable  time 
before  the  microscope  indicates  that  anythmg  is  wrong. 

I refer  to  the  change  from  solid  to  fluid  condition, 
hivariably,  I should  say,  the  forermmer  of  actual 
putrefaction,  this  generally  resultmg  from  the  use  in 
excess  of  some  chemical  agent  that  has  crippled,  in  no 
uncertain  maimer,  the  actual  vitality  of  the  yeast,  and 
which,  in  a very  short  time,  evidences  itself  also  micro- 
scopically by  the  peculiar  granular  appearance  and 
general  visionary  look  of  each  cell,  which,  undoubtedly, 
means  percolation  of  plasma  outwards. 

Many  varieties  of  yeast  exhibit  a certam  sluggishness 
in  the  dmection  of  ready  separation  of  fluid  from  solid, 
and  it  is  a point  of  popular  knowledge  that  there  are 
two  distinct  kinds  of  yeast  common : one  perfectly  thick 
and  heavy,  the  other  very  fluid,  and,  of  necessity,  heavy 
too. 
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I am  aware  that  many  qualified  to  form  an  opinion 
assert  that  such  variation  in  physical  appearance  is 
simply  accidental,  that  the  fluid  variety  has  not  been 
subjected  to  the  same  perfect  system  of  di’ainage  as  the 
solid ; but  my  own  opinion  is,  that  it  would  be  impos- 
sible, by  any  system  of  drainage,  excepting  that  method 
which  is  adopted  in  the  case  of  a filter  press,  to  separate 
the  intimately  combined  fluid  portion  of  a liquid  yeast, 
such  as  I refer  to,  so  as  to  leave  it  in  thick  condition. 

The  fluidity  of  barm  mentioned  is  often  produced 
by  w^hat  may  be  described  artificial  means,  as  distinct 
from  the  natural  cause,  which  is  undoubtedly  a dis- 
tinctive saline  character  of  brewing  water,  viz.,  the  use 
of  sulphites  combined  with  the  employment  of  flour  and 
salt  dressing  dm’ing  fermentation. 

If  it  resist  ordinary  drainage  methods  of  separation 
so  arranged  as  to  remove  a strata  of  liquid  wherever  it 
may  happen  to  exist  in  bulk,  or  the  slightly  suctional 
filtration  influence  of  a copper  Eitchie  vacuum  press, 
then  I think  we  may  say  that  the  yeast  itself  is  so 
intimately  combined  with  the  fluid  portion  that  serious 
harm  to  it  would  result  if  powerful  mechanical  pressure 
were  brought  to  bear  to  effect  the  separation.  I believe 
this  view  is  confirmed  practically,  in  so  far  as  the  best 
dry  cake  from  a filter  press  and  the  brightest  and 
best  flavoured  filtrate  correspond  with  the  thicker 
varieties  of  yeast  pressed,  and  the  fluid  yeasts,  i.e., 
those  that  are  naturally  fluid,  considerably  bother  the 
yeast  presser,  although  much  is  to  be  done  if  the  press 
is  worked  properly. 

A good  many  people  imagine  that  the  filtering 
medium  in  a filter  press  is  composed  of  a combination 
of  fine  canvas  and  “ swansdown,”  but,  as  a matter  of 
fact,  it  really  consists  of  a thin  film  of  yeast  that  is  first 
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deposited  thereon.  It  is  for  this  reason  that  so  much 
care  has  to  be  taken  in  seemg  that  the  yeast  first 
pumped  in  is  fresh  and  fairly  thick  as  opposed  to  any- 
thing in  the  shape  of  bottoms,  so  that  the  film  is 
attained  as  rapidly  as  possible,  and  the  pores  of  the 
filter  bags  kept  open,  which  would  not  be  the  case  if 
any  mere  fluid  was  first  passed  through,  or  sedimentary 
yeast  considered  as  being  similar,  as  a bag  coating 
material,  to  the  fresh  and  thick  variety  that  I have 
specified. 

This  is  the  entire  secret  of  successful  yeast  pressing, 
and  after  the  first  film  is  deposited  on  inner  bags,  then 
an  actual  pressure  may  be  apphed  with  impunity,  and 
the  fluid  separated  from  solid  portions  of  yeast,  no 
matter  how  strong  the  affinity  between  sohd  and  fluid 
may  be. 

As  regards  the  cost-price  of  beer,  it  makes  a very 
considerable  difference  if  the  filtrate  from  the  yeast  of 
each  individual  brewing  is  not  mixed  off  at  time  of  rack- 
ing, and  if  the  filtrate  be  exceptionally  sound  and  sweet 
there  does  not  seem  any  privid  facie  reason  why  they 
should  not  be  so  used  ; but  I am  bound  to  say  that  a 
certain  dread  respecting  their  influence  on  a stock  beer 
is  always  felt,  since  no  matter  how  sound  and  bright 
they  may  be  they  always  exhibit  a great  tendency  to 
rapid  deterioration  when  mimixed. 

This  is  ascribed  to  two  distinct  causes,  the  passage  of 
the  minute  forms  of  diseased  ferment  hfe  through  pores 
of  filtering  material  and  a probable  collapse  of  - some  of 
the  alcohohc  cells  under  the  influence  of  the  pressure 
applied,  with  a corresponding  escape  of  soluble  matter 
and  minute  inter-mixtm-e  of  this  with  the  fluid  filtrate. 

“ Drawings”  maybe  used,  however,  with  impunity  if 
sweet,  in  all  the  varieties  of  beer  classed  under  the  term 
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“ Bwining,"  the  more  especially  as  it  is  now  customary 
to  employ  a preservative  in  such  beers,  which,  in  its 
influence,  would  strongly  militate  against  any  possible 
putrid  tendency  that  the  small  proportion  of  added 
“ drawings  ” might  possess. 

I do  not  wish  to  stir  up  any  fear  or  di’ead  on  this 
subject,  while  I equally  desire  not  to  give  advice  that 
might  lead  to  unpleasant  result,’  and  summed  up,  as  a 
whole,  there  is  no  doubt  that  the  yeast  press  filtrate 
requires  carefully  dealing  with. 

Lastly,  in  reference  to  pitching  yeast,  one  does  not 
quite  hke  the  idea  of  submitting  it  to  pressure,  since,  as 
we  know,  alcoholic  cells  are  delicate  globular  organisms 
that  would  undoubtedly  suffer  from  any  extreme  com- 
pression, such  as  that  of  two  or  three  atmospheres  ; 
hut  as  many  varieties  of  yeast  would  commence  to 
deteriorate  before  exhibiting  any  tendency  to  ready 
separation  from  fluid,  I think  slight  pressure  might 
facilitate  such  separation,  and  have  a strong  notion  that 
a copper  Eitchie  vacuum  press  for  obtaniing  thick  store 
barm  at  one  uniform  suctional  pressm’e  would  be  a most 
useful  arrangement  in  the  yeast  room  of  any  brewery 
where  difficulties  in  connection  with  exact  physical 
character  of  yeast  are  experienced. 

I do  not  know  whether  it  is  too  late  or  out  of  place  to 
mention  the  exact  quantity  of  pitching  yeast  that  is 
requisite  to  produce  a certain  result.  I once  heard  the 
whole  subject  expressed  in  a very  striking  simile, 
the  speaker  comparing  the  wort  of  a brewer  to  a field 
that  was  being  ploughed,  and  he  remarked  that  when 
the  land  was  of  a heavy  clay  nature  we  naturally  attached 
more  horses  to  the  plough  than  when  the  surface  layer 
was  of  a light  loam  ; and  I may  add  a rider  to  this  by 
saying  that  greater  disaster  results  from  the  employment 
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of  a deficiency  than  of  an  excess  of  yeast,  in  the  sense 
that  as  yeast  accomplishes  a certain  amount  of  definite 
work,  the  larger  the  number  of  cells  present  the  less  we 
call  upon  them  to  do. 

My  readers  wiU  see  why,  in  the  case  of  slow  fermenta- 
tions as  exampled  in  No.  4 table,  the  brewer  is  able  tO' 
use  a minimum  of  yeast  without  danger,  shice  he  is 
careful  to  supply,  even  from  the  very  commencement 
of  fermentation,  one  of  the  absolute  necessities  for 
keeping  the  mother-yeast  in  vigorous  condition,  and 
aiding  the  development  of  buds,  this  being  a constant 
supply  of  minute  quantities  of  air. 

AU  this  does  not  mean  that  we  are  to  use  yeast  in 
large  excess,  to  prevent  weakness,  since  in  such  case 
the  attenuation  would  be  too  violent,  and  we  should 
possibly  be  forced  to  check  it  by  excessive  and  wasteful 
skimming,  or  by  actually  retarding  heat,  which,  as  I 
have  explained  before,  is  a very  serious  matter.  Bather 
use  too  much  than  too  little,  and  aid  the  healthy 
development  of  what  we  do  use  by  attention  to  aU 
the  little  details  of  working  that  I have  dwelt  upon 
so  fully. 

Is  it  possible  to  sum  up  the  whole  question  of  fer- 
mentation in  such  a way  as  will  bring  clearly  before  my 
readers  all  the  salient  featm’es  of  a subject  that  is  of 
such  extreme  importance  as  that  now  under  con- 
sideration ? Let  me  try.  From  the  very  moment 
that  Pasteur,  in  his  Studies, proved  conclusively  that 
the  chemico -physical  theory  of  Liebig  was  untenable, 
brewers  had  to  face  the  fact  that  in  place  of  dealing  in  a 
strictly  chemical  sense  with  one  of  the  constituents 
of  wort,  they  had  to  tmm  their  attention  to  the  actual 

* Studies  on  Fermentation,  Faulkner  and  Robb.  Published 
by  Macmillan  and  Co.,  Bedford-street,  London,  W.C. 
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cultivation  of  a minute  vegetable  plant,  orced  to  do  so 
by  Imowledge  not  communicated  to  them  by  Pasteur, 
but  brought  under  their  notice  by  in  many  cases, 
painful  experience,  that,  failing  healthy  cultivation,  the 
crippled  and  poverty-stricken  plant  became  the  source 
of  turbidity  and  acidity,  ultimately  leading  to  the  putre- 
faction of  their  beer. 

I explained  in  the  chapter  on  mashing  how  important 
it  was  to  obtain  in  wort  distinctive  quantities  of  carbo- 
hydrate {i.e.,  sugar,  dextrin,  and  inert  matter),  nitro- 
genous, and  saline  bodies ; that  as  yeast  consisted 
largely  of  azotised  matter  the  nitrogenous  constituent 
of  wort  became  of  extreme  importance  in  this  sense, 
that  mere  quantity  was  not  sufficient,  but  that  in  all 
cases  such  albuminous  matter  must  have  a distinct 
nutritive  character  not  attaching  to  all  of  it,  but  to 
such  a portion  of  it  as  would  suffice  for  the  life 
neces^ties  of  the  yeast  to  be  cultivated  ; that  saline 
matter  was  also  of  importance  ; that  malt  yielded  a 
variety  of  salts  that,  seemed  to  answer  this  special 
end ; that  substitution  of  sugars  and  some  varieties 
of  raw  grain  not  only  interfered  with  the  normal  per- 
centage of  saline  matter  yielded  by  malt,  but  also  with 
the  equally  important  nitrogenous  percentage,  and  then 
I had  to  devote  a great  deal  of  time  to  a consideration 
of  what  resulted  when  inferior  material  came  to  be 
used. 

I showed  that  such  material  meant  deficient  nu- 
trition for  yeast ; that  ordinary  soluble  albuminous 
matter  must  be  modified  under  some  infiuence, 
probably  diastatic,  before  it  could  act  as  nutritive 

* Azote  is  the  term  applied  to  nitrogen,  derived  from  Alpha, 
privative,  and  Zw)j,  life,  and  azotised  is  a term  meaning  merely 
nitrogenous,  albuminous,  or  protein  in  nature  and  constitution. 
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albuminous  matter ; that  the  terms  peptone  or 
parapeptone  were  apphed  by  writers  and  in  ordi- 
nary text-books  on  chemistry  to  distinguish  this 
especial  condition  or  digested  character  of  nitrogen 
compounds,  and  that,  just  as  the  diastatic  power 
of  malt  varied,  so  would  its  nutritive  character, 
and  that  in  the  case  of  poor  material  with  low 
diastatic  power  it  was  not  only  absurd  to  lessen  the 
nutritive  natm-e  of  the  wort  yielded  by  the  use  of 
sugar  and  other  substitutes  for  malt,  but,  on  the  other 
hand,  to  so  coax  the  low  diastase  proportion  as  to 
practically  induce  it  to  accomplish  not  only  the  ordi- 
nary starch-hydration,  but  as  large  a modification 
of  the  otherwise  crude  soluble  albuminous  matter  as 
possible. 

If  a practical  example  be  required  at  this  stage  of 
what  is  meant  by  the  presence  of  crude  soluble  as 
compared  with  peptonised  albuminous  matter,  let  my 
readers  examme  the  head  changes  in  those  breweries 
where  poverty-stricken  material  is  used  in  conjunction 
with  sugar.  Not  only  is  the  yeast  formation  stage 
very  late,  but  when  it  does  appear  its  strange,  fluffy, 
frothy  appearance  is  a strikingly  suggestive  contrast 
to  the  yeasty  head  that  is  usual  m breweries  where  good 
malt  is  employed. 

I could  not,  in  speaking  of  mashing,  and  even  at 
this  period,  impress  too  strongly  upon  brewers  the 
necessity  of  keeping  in  mind  the  true  comiection  that 
exists  between  mashing  and  fermentation.  Twist  and 
turn  the  subject  as  you  will,  it  is  forcibly  brought 
home  to  every  one  by  the  results  achieved,  and,  if  I am 
understood  so  far,  it  is  but  a single  step  to  a conside- 
ration of  what  is  meant  by  diseased  as  opposed  to  a 
healthy  fermentation. 
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Brewers  arrive  at  worts  containing  crude  soluble, 
peptonised,  and  parapeptonised  albuminous  matter,  and 
this  may  be  either  of  healthy  or  diseased  nature,  in 
this  sense : the  original  barley  of  the  malt  has  been 
blighted  during  growth ; it  has  been  harvested  in 
wretched  condition,  no  step  has  been  taken  during  the 
malting  operations  to  retard  a degradation  of  consti- 
tuents that  is  in  full  progress,  steep  liquor  has  been  left 
unchanged,  couches  and  floors  have  been  allowed  to 
heat,  rotten  corns  to  mould  in  contact  with  their 
fellows,  careless  kihi  drymg  has  followed,  and  the  malt, 
probably  touched  tip,  as  one  may  express  it,  by  the 
application  of  sulphur  or  salt  on  kiln  fire,  has  been 
stored  in  a damp  atmosphere. 

One  and  all  of  these  neglectful  proceedings  directly 
promote  the  condition  of  nitrogenous  matter  termed 
diseased,  i.e.,  a diseased  state  of  the  actual  nutriment 
of  yeast. 

Some  readers,  perhaps  a great  many,  may  remark, 
but  why  specially  should  the  nitrogenous  constituents 
suffer  ? I refer  them  to  my  opening  remarks  on  the 
subject  of  fermentation,  where  I stated  that  albuminous 
principles,  when  in  moist  condition,  were  known  to 
putrefy  with  the  greatest  readiness  ; nay,  that  the  very 
fact  of  this  knowledge  being  possessed  by  chemists  was 
the  basis  of  the  Liebig  theory  of  fermentation,  and 
if  proof  be  requhred  we  have  simply  to  expose  a moist 
albuminoid  substance  to  the  air,  and  contrast  it  with 
the  behaviour  of  a pure  moist  sugar,  this  latter  being  a 
mere  carbo-hydrate  body. 

Unfortmiately,  in  accepting  Pasteur’s  theory,  we 
have  to  study  not  only  alcoholic  ferments,  hut  those 
termed  lactic,  putrid,  and  viscous,  and  although  we  may 
not  be  in  the  habit  of  seeing  these  in  our  commercial 
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pitching  yeast,  it  is  absolutely  certain  that  their  germs 
exist  there,  as  also  in  the  worts  produced  from  inferior 
material ; for  it  is  not  at  all  certain,  nay,  it  is  highly 
improbable,  that  germs  of  ferment  life  are  destroyed  by 
the  limited  boiling  of  the  slightly  acid  wort  in  which 
they  exist. 

It  must  be  seK-evident  that  if  the  nutritive  con- 
dition of  our  wort  tends  to  facilitate  the  development 
of  ferments  corresponding  with  its  diseased  condition, 
then  the  germs  present  will  rapidly  develop  and 
exhibit  themselves  microscopically  as  vigorous  fer- 
ments. 

I shall  never  forget  a proof  of  this  that  I once  had 
in  commencing  brewing  operations  in  a plant  that  I 
regarded  as  being  anything  but  clean.  I had  adopted 
the  combined  use  of  steam  and  strong  caustic  potash 
solution  for  cleaning  an  endless  series  of  pumping  and 
refrigerator  wort  mains,  and  I was  struck  by  an 
inexplicable  and  immensely  increasing  impurity  of  yeast 
that  appeared  to  correspond  with  the  extra  care  taken 
in  cleansing  the  plant. 

The  ordinary  heads  of  yeast  thrown  up  durmg 
fermentation,  beautifully  white  and  vinous,  simply 
swarmed  with  filaments  and  putrid  ferments,  and 
I do  not  exaggerate  when  I say  that  the  aspect  of 
the  yeast  crop  corresponded  with  the  view  dej)icted  in 
plate  II. 

Now,  what  does  this  mean  ? The  mams  of  the 
brewery  had  been  either  left  uncleaned  or  cleaned  in 
a very  inefficient  manner  for  some  years,  a deposit 
had  settled  after  each  time  of  use,  and  had  gradually 
hardened,  especially  in  the  case  of  the  mains  through 
which  hot  wort  had  passed,  and  this  hard  surface  crust 
with  moist  subsidiary  matter  locked  in,  as  I may  express 
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it,  was  at  the  seat  of  the  whole  impurity  of  the  yeast 
that  was  afterwards  experienced. 

The  combined  use  of  steam  and  potash  loosened  the 
surface  film,  and  the  wort,  passing  through  these  same 
mains,  picked  up  and  held  in  solution  portions  of  the 
sedimentary  slime  still  unremoved,  the  influence  of  this 
in  the  direction  of  disease  being  immediately  evident. 
This  experience  teaches  one  lesson  at  any  rate : that 
removal  of  slime  from  piping  is  no  easy  matter,  and 
that  its  removal  becomes  the  more  difficult  the  longer  it 
has  accumulated  and  the  harder  the  film  of  scale  that 
has  formed. 

This  question  of  condition,  or,  as  Liebig  would  have 
expressed  it,  state  of  change  of  nitrogenous  matter, 
is  a basis  not  only  for  the  use  of  the  microscope  during 
the  preliminary  stages  of  fermentation,  yeast  selection, 
and  so  forth,  but  also  for  those  examinations  of 
deposits  from  beer  that  tell  the  careful  brewer  so 
much,  and  those  forcing  tray  experiments  that  enable 
him,  by  determining  the  tendency  of  beer  extract, 
to  predict  with  certainty  what  the  futm’e  of  each  beer 
will  be. 

It  is  not  necessary  to  enlarge  further  on  the  use 
that  normal  acidity  has,  of  how  excessive  acidity  not 
only  examples  imperfect  malting,  but  directly  tends 
to  keep  beer  turbid  through  increase  of  affinity,  such 
affinity  holding  amorphous  matter  and  certam  species 
of  small  cells  in  persistent  suspension.  I am  quite 
ready  for  the  accusation  that  I make  too  much 
of  yeast  development  and  too  little  of  the  objects 
for  which  beer  is  fermented,  and  my  reply  will  be, 
it  is  simply  because  too  much  has  always  been 
made  of  fermentation  in  reference  to  alcohol,  that 
I have  taken  as  my  text  the  subject  of  ferment- 
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ation  as  influenced  by  yeast  growth,  the  stability 
and  clarification  of  beer  as  promoted  by  perfect  vege- 
tation and  rendered  impossible  by  the  starvation  of 
yeast. 

It  is  time  now  to  enter  mto  a brief  description  of 
three  of  the  plates  which  appear  in  this  chapter,  re- 
produced from  my  former  work  on  brewing,  and  origi- 
nally taken  from  ‘ Etudes  sur  Ist-  Bi^re.’  I thought  it 
wise  in  my  chapter  on  laboratory  matters  to  mention 
the  connection  that  exists  between  biology  and  brewing, 
and  I am  hopeful  that  the  present  chapter  will  have 
convinced  any  reader  that  was  before  sceptical  on  this 
point  of  its  absolute  truthfuhiess.  I have  always 
insisted  that  one  of  the  chief  charms  of  Pastem’’s 
original  works  on  wine  and  beer  centred  in  the  beauty 
and  artistic  merit  of  the  steel  engravings,  which  in 
photograph  form  illustrated  the  statements  and  argu- 
ments of  the  writer,  and  practically  enabled  beginners 
not  only  to  distinguish  with  ease  the  different  forms 
of  ferment  life,  but  to  go  a step  beyond  this  and 
work  out  by  experiment  based  on  the  suggestions 
of  Pasteur  the  actual  life  conditions  of  each  ferment 
depicted. 

In  speaking  of  life  conditions  it  is  easy  to  see  that 
the  microscope  should  be  an  instrument  capable,  not 
only  of  exhibitmg  to  us  the  varied  forms  of  ferment 
life,  but  by  demonstrating  physical  condition  of  interior 
tell  us  whether  such  ferment  life  be  in  vigorous  condi- 
tion or  no.  It  is  not  only  by  internal  appearance  of 
cells  or  filaments  that  we  attain  this  knowledge ; relative 
size,  rate  of  movement,  and  so  forth  are  equally  impor- 
tant indications ; and  thus,  as  I before  mentioned,  the 
microscope  with  great  definition  power  is  alone  of  ser- 
vice to  the  brewer. 
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Plate  I.,  as  will  be  observed,  is  a microscopical  field  Plate  no.i 
divided  into  seven  sections  duly  numbered.  No.  1 sec-  Section  i. 
tion  indicates  the  ferments  peculiar  to  turned  beer — i.e., 
a beer  that  has  lost  all  its  original  characteristic  sweet- 
ness and  bitterness,  and  is  practically  on  the  high  road 
to  acidity.  The  section  contains  a few  granulated  alco- 
holic cells,  while  the  others,  or  diseased  ferments,  are 
filaments,  simple  or  articulated — i.e.,  bent  at  an  angle  ; 
and,  if  the  microscope  we  are  employing  be  a very  good 
one,  we  shall  see  that  each  filament  is  composed  of  a 
number  of  shorter  lengths,  forming  practical  chains, 
having  a diameter  of  only  about  0‘000398  of  an  inch. 

The  shorter  filaments  spoken  of  are  strictly  immovable 
in  their  articulations,  and  the  jointing,  as  a matter  of 
fact,  is  scarcely  visible. 

No.  2 section  exhibits  the  lactic  ferments  of  wort  and  Section  u. 
beer.  These  are  small,  slightly  made,  and  narrow,  or, 
as  I may  express  it,  pinched  in  the  middle.  They  are 
generally  detached,  but  sometimes  occur  in  chains  of 
two  or  three,  while  their  diameter  is  greater  than  that 
of  the  filaments  depicted  in  No.  1. 

No.  3 section  shows  putrid  ferments,  the  kind  that  I section  in. 
was  speaking  of  above  in  reference  to  dirty  plant 
infiuence.  It  will  be  observed  that  they  have  no  articu- 
lations, but  are  mostly  vibrating  filaments,  the  motion 
being  more  or  less  rapid,  according  to  the  temperature 
of  the  fiuid  in  which  they  exist.  For  the  most  part 
their  diameter  is  greater  than  that  of  the  acid  filaments 
and  lactic  ferments,  and  they  only  appear  in  cases  of 
very  defective  working. 

No.  4 section  corresponds  to  the  ferments  of  viscous  Section  w. 
or  ropy  wort  and  beer,  which  the  French  term  filante. 

They  invariably  form  chaplets  or  chains  of  nearly  sphe- 
rical grains.  Such  ferments  rarely  appear  in  wort,  and 
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still  less  frequently  in  beer ; and  their  growth  un- 
doubtedly hinges  on  a very  abnormal  and  defective  con- 
dition of  nitrogenous  matter. 

No.  5 section  exhibits  acetic  acid  ferments.  These 
very  rarely  being  seen,  since,  as  I have  explained,  the 
acid  normal-  to  beer  is  lactic,  and  not  acetic  ; and  oxida- 
tion of  alcohol  to  acetic  acid,  under  the  influence  of  an 
oxidising  ferment,  only  takes  place  under  very  excep- 
tional conditions,  such  as  during  prolonged  storage  in 
cask  or  vat.  The  ferments  themselves  appear  in  the 
shape  of  chaplets,  and  consist  of  the  mycoderma  aceti, 
which  bears  a close  resemblance  to  lactic  acid  ferment, 
especially  during  the  early  stages  of  development ; but 
in  spite  of  this  similarity  their  physiological  functions 
are  widely  different. 

No.  6 shows  what  is  termed  the  amorphous  deposit  of 
a wort,  which  must  in  no  sense  be  confounded  with 
those  of  diseased  ferments,  since  the  latter  are  always 
visibly  organised,  whilst  the  amorphous  deposit  is  of  a 
more  or  less  shapeless  character,  although  it  would  not 
be  easy  at  all  times  to  decide  between  the  two  cha- 
racters, unless  several  specimens  of  both  descriptions 
existed  side  by  side.  This  kind  of  deposit  is  found  in 
wort  during  the  cooling  stage ; but  is  not  often  pre- 
sent in  beer,  since  it  remains  either  m the  hop  back  or 
on  the  coolers,  or  combines  with  the  yeast,  disappearmg 
along  with  it.  Among  the  shapeless  granulations  in 
No.  6 section,  little  balls  of  resinous  or  colouring  matter 
may  be  discerned,  these  being  usually  only  found  in  the 
deposit  of  an  old  beer. 

Finally,  No.  7 section  depicts  the  ferments  that  are 
found  in  the  case  of  very  acid  beers,  that  have  an  odour 
sui  generis,  the  peculiar  acidity  reminding  one  of  the 
pungent  smell  of  unripe  fruit.  These  ferments  occur 
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in  the  form  of  grains,  resembling  little  spherical  points 
placed  two  together,  or  formmg  triangles  and  squares. 
When  appearing  they  are  generally  found  in  conj mic- 
tion with  the  acid  filaments  shown  in  No.  1,  but  are 
far  more  to  be  feared  than  the  latter,  which,  when 
alone,  do  not  seem  to  cause  any  great  deterioration. 

When  No.  7 appears  alone,  or  ui  conjunction  with 
No.  1,  the  beer  invariably  acquires  a sour  taste  and 
smell  that  render  it  detestable,  and  the  ferment  in 
question  is,  without  doubt,  most  fatal  in  its  influence. 
There  is,  however,  one  point  worthy  of  mention,  and 
that  is  the  close  resemblance  it  presents  to  a minute 
and  apparently  organised  form  of  ferment  life  that  is 
frequently  found  in  beers  fermented  with  a yeast  that 
has  in  some  way  or  another  been  considerably  weakened. 
I have  specified  them  myself  as  “sugar  ferments,”  smce 
they  almost  invariably  develope  in  beers  in  the  pro- 
duction of  which  sugar  is  constantly  employed,  and 
generally  indicate  the  necessity  for  a change  of  store ; 
and  my  readers  will  see  the  immense  importance  of 
carefully  distinguishing  between  a ferment  that  appears 
only  as  indicating  the  necessity  of  change  of  store,  and 
one  that  corresponds  invariably  with  disaster.  I regard 
them  as  a defective  sign,  and  they  seem  to  constitute  a 
class  of  cell  life  requiring  further  investigation. 

It  is  clear,  then,  that  Plate  1 enables  us  to  determine 
ivith  accuracy  the  meaning  of  each  microscopical  field 
we  may  prepare,  and,  as  it  includes  examples  of  all  the 
ordinary  diseased  beer  ferments,  it  is  pretty  obvious 
that  pitching  yeast  and  finishing  beer  should  he  free 
fi’Om  them,  or,  at  any  rate,  practically  free  from  them. 

Now,  if  we  have  an  inferior  wort,  its  nitrogenous 
constituent  in  degraded  or  diseased  condition,  it  follows 
that,  whether  pitching  yeast  be  apparently  pure  or  no. 
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diseased  ferments  will  rapidly  appear ; while,  on  the 
other  hand,  if  a wort  be  produced  on  acknowledged 
principles,  likely  to  promote  perfection,  from  the  best 
materials,  so  that  the  condition  of  the  peptonised 
albumen  existing  is  entirely  satisfactory,  then,  although 
the  pitching  yeast  may  contain  actual  evidences  of 
disease,  this  will  get  less  and  less  as  reproduction  of 
the  original  store  takes  place,  on  account  of  two  distmct 
facts.  To  begin  with — the  wort  is  absolutely  pure  ; its 
powers  of  nutrition  facilitate  the  development  of  the 
large  excess  of  alcoholic  ferments  introduced,  and 
nothing  is  easier  to  understand  than  the  gradual  dimi- 
nution in  the  percentage  minority  of  diseased  ferments 
struggluig  with  abnormal  conditions  of  growth  side  by 
side  with  the  multitude  of  cell  ferments  m the  presence 
of  influences  that  determine  rapid  reproduction. 

This  purification  of  a practically  impure  yeast  is  often 
carried  out  by  brewers  miknown  to  themselves,  and  is, 
perhaps,  more  noticeable  in  the  case  of  breweries  where 
a porter  gyle  is  taken  each  week,  for  the  simple  reason 
that  the  caramelised  material  of  the  porter  grist  is 
strongly  antiseptic,  while  good  material  generally 
favours  the  production  of  good  yeast.  It  is  amusmg 
to  hear  brewers  speak  of  their  immunity  from  trouble, 
and  to  view  their  scepticism  respecting  the  undoubted 
facts  that  I am  enlarging  upon.  Their  success  has 
hinged  upon  the  use  of  a brewmg  water  that  has  played 
an  active  part  in  regulating  character  of  wort  obtained 
from  undoubtedly  good  material,  and  I can  quite  believe 
their  statement  that  no  change  of  yeast  is  ever  required. 
Once  upset  these  conditions,  introduce  nitric  acid  mto 
the  well  water,  or  allow  but  slight  percolation  of 
sewage ; give  them  a supply  of  half-grown  malt  made 
from  a weathered  barley,  and  success  will  not  longer  be 
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app8.r6iit  5 and  yot  tli6  conditions  I name  are  common 
to  a vast  number  of  English  breweries,  and  may  yet 
become  commoner  still. 

The  third  plate  shows  a field  of  yeast  in  process  of  Hate  3. 
development — not  that  we  often  see  it  so,  unless  we 
prepare  a fluid  specimen,  and  place  it  in  what  is  termed 
an  object  box,  since,  if  we  examine  wort  itself  at  the 
commencement  of  fermentation,  we  are  somewhat  dis- 
appointed on  account  of  the  cells  presenting  a certain 
visionary  appearance,  and  being  mixed  with  a great 
deal  of  amorphous  matter  commonly  in  suspension  at 
the  stage  named. 

It  will  be  observed  that  the  right-hand  section  of  Nuclei  fully 

. developed. 

plate  exhibits  yeast  cells  with  nuclei  fully  developed  in 
each  case,  the  cells  more  or  less  conglomerated  and 
enlarged  to  the  extent  of  400  diameters,  but  it  does  not 
present  to  us  that  peculiar  primary  formation  of  vacuole  Vacuole, 
or  aggregation  of  soluble  plasma  which  is  invariably 
seen  as  a first  step  in  the  development  of  the  nuclei, 
and  to  my  mind  the  best  working  yeast  is  one  pre- 
senting great  regularity  of  size  of  cell,  a distinct  vacuole 
in  each  with  interior  nuclei  m aU  cases  prominent ; go 
but  a step  beyond  this  and  we  arrive  at  a disappearance 
of  the  vacuole,  a conglomeration  of  nuclei,  with  no 
capacity  of  budding. 

The  plate  shows  an  absolutely  pure  yeast,  but  this  is  Pure  yeast, 
rarely,  if  ever,  seen  in  practical  working,  although  this 
might  happen  if  brewers  filtered  wort  so  as  to  remove 
the  coagulated  nitrogenous  bodies,  since,  however  op- 
posed this  statement  may  be  to  the  advice  given  by  a 
very  old  and  worthy  writer  that  cooler  dregs  should  Cooler  dregs, 
always  be  swept  into  fermenting  vat,  there  is  no  ques- 
tion that  such  matter  directly  facilitates  diseased  fer- 
ment life,  for  what  is  more  common  Imowledge  than 
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the  ease  and  rapidity  with  which  the  first  heads, 
cropped  from  a fast  fermentation,  putrefy  ? 

It  is  for  this  reason  that  I mentioned  selection  of 
yeast,  and  how  such  choice  was  next  to  impossible  in 
the  case  of  slow  fermentations,  when  it  is  customary  to 
collect  the  yeast  crop  in  a single  sldmmmg. 

The  purity  of  different  shimmings  varies  very  con- 
siderably, the  first  heads  containing  much  amorphous 
matter,  as  also,  apparently  in  coimection  with  this, 
diseased  ferments.  The  middle  crops  are  usually  the 
purest,  while  towards  the  end  of  skimming  the  yeast 
darkens  and  again  exhibits  inferiority  on  account  of 
smaller  sedimentary  yeast  coming  to  the  surface.  As  a 
general  rule,  I may  say  that  if  plant  be  kept  clean,  and 
good  material  be  used,  there  is  little  to  fear  from  false 
ferments  unless  the  water  be  contammated  ■with  putres- 
cent matter  or  some  saline  body  that  directly  deter- 
mines disease. 

Fine  art  in  bre'whig,  to  my  mind,  is  more  exemplified 
when  dealmg  with  commonplace  waters  and  inferior 
material,  and  still  producmg  a saleable  article,  than 
when  all  conditions  are  favourable,  and  the  beer  of 
superior  quality. 

The  step  that  naturally  follows  all  that  I have  said 
is  summed  up  in  the  advice  that,  whether  we  adopt 
advanced  forcing  tray  experiments  or  no,  we  should  at 
any  rate  make  ourselves  perfectly  familiar  -with  the 
general  character  of  the  deposit  that  settles  out  of  our 
racking  samples  and  with  the  same  deposit  which  is 
thrown  down  from  a stock  beer  after  it  has  passed 
through  its  first  fret. 

A step  further  is  simply,  as  I have  explained,  the 
forcing  on  of  a distinct  fermentation  under  trying  heat 
conditions,  since  the  aspect  of  the  deposit  formed  at 
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the  ordinary  storage  temperature  of  the  brewer  might 
be  very  different  if  thrown  down  at  a temperature  of 
75°  or  80°,  and  as  it  is  impossible  for  the  brewer  to  regu- 
late storage  temperature  of  his  beer  after  it  leaves  the 
brewery,  it  is  surely  of  some  importance  that  he  should 
ascertain  what  the  result  is  likely  to  be  when  his  beers 
brewed  for  stock  are  exposed  to  what  I may  term  stock  beers, 
strictly  common  and  yet  actually  forcing  temperatures. 

Finally,  in  reference  to  the  subject  of  disease,  what 
is  more  common  in  breweries,  dm-ing  the  spring, 
summer,  and  autumn,  than  to  find  beers  that  have 
apparently  been  racked  in  perfect  condition  lapsing 
mto  what  is  termed  by  the  brewer  a persistent  sick  sick  fret. 
jret — a description  of  secondary  fermentation  that  in 
many  instances  ends  in  something  very  much  akm  to 
ropiness. 

If  we  are  not  able  at  the  present  time,  with  om- 
hmited  range  of  knowledge,  to  describe  offhand  all  the 
exact  conditions  of  wort  that  render  such  changes 
possible,  it  is,  at  any  rate,  not  going  beyond  the  mark 
to  describe  them  as  being  mamly  due  to  the  use  of  Cause  of  sick 

. fretting. 

water  without  any  particular  determming  character  m 
conjunction  with  malt  of  evident  inferior  quality.  This 
form  of  sickness  is  so  common  in  many  breweries,  so 
frequently  disastrous  in  results,  that  no  amount  of 
labour  would  seem  badly  spent  if  the  exact  cause  of  it 
all  could  be  fully  understood. 

An  investigation  of  the  diseases  to  which  Beer  is  Diseases  of  beer, 
subject,  novel  as  the  sentence  may  seem,  is  yet  in  its 
infancy,  and  I hope  year  by  year  that  we  shall  find 
useful  knowledge  in  this  dnection  developing  for  the 
benefit  of  the  brewing  world. 

Such,  then,  are  some  of  the  interesting  theoretical 
and  practical  details  of  fermentation.  I have  tried  to 
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render  the  whole  subject  mteresting  in  its  theory  and 
plain  in  its  practice.  It  is,  perhaps,  difficult  to  ac- 
complish all  this  when  space  is  limited,  and  when  the 
majority  of  readers  care  little  for  the  theory  of  the 
subject  matter ; and,  whatever  the  opmion  of  others 
may  be,  I have  no  shadow  of  doubt  that  the  main 
success  of  all  brewing  operations  depends  upon  the 
healthy  cultivation  of  yeast.  The  conditions  which 
facihtate  this  I have  described  in  detail,  and,  indeed,  I 
might  be  blamed  by  some  of  the  more  advanced  readers 
for  a certain  amount  of  repetition,  for  contmually  harp- 
ing upon  the  subject  of  peptonised  albmnmous  matter  ; 
but  as  a supply  of  other  forms  of  azotised  prmciples 
would,  so  far  as  nutrition  of  yeast  is  in  question,  be 
entirely  useless,  it  is,  at  any  rate,  wise  for  me,  in  the 
interest  of  beginners,  to  dwell  on  the  subject  that  is  of 
the  most  extreme  importance. 

If  the  chapters  on  mashing  and  fermentation  are 
mastered  together,  I have  no  doubt  of  the  result, 
although  it  must  be  borne  m mind  that  great  prac- 
tical experience  is  necessary  in  order  to  carry  out 
theoretical  knowledge  or  suggestions  successfully. 
There  is  one  work  that  may  be  read  vdth  advantage 
by  all  those  who  wish  for  fm-ther  knowledge  on  the 
subject  of  digested  albummous  matter,  and  that  is  one 
by  Dr.  Eoberts  on  “ Digestive  Ferments,”  pubhshed 
by  Smith,  Elder,  and  Co.,  a good  deal  of  the  experi- 
mental data  being  supplied  by  Mr.  Horace  BroA\m,  who 
I have  before  referred  to  as  a gentleman  to  whom 
brewers  owe  a debt  of  gratitude  for  his  practical  exem- 
plification of  the  benefits  that  have  accrued  since 
Pasteur  gave  so  much  of  his  time  and  attention  to 
the  study  of  the  subject  of  this  chapter. 
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CHAPTER  XI. 

RACKING,  FINING,  AND  STORING  OP  BEER. 

It  is  supposed  by  a great  many  brewers  that  after 

fermentation  is  finished  and  the  beer  run  into  racking- 

tank  all  anxiety  is  at  an  end,  and  that  what  happens 

afterwards  is  a mere  question  of  chance  ; but  if  we  go 

into  the  several  subjects  of  this  chapter  we  shall  find 

that  we  are  discussing  questions  of  great  moment,  and 

that  if  we  neglect  the  condition  of  the  cask-plant  in  Cask  plant. 

which  our  finished  beer  is  placed,  carelessly  apply  the 

artificial  fining  material  that  is  now  so  common,  or 

suppose  that  store-room  arrangements  and  venting  are  Storing  and 

matters  of  slight  moment,  final  trouble  will  naturally 

follow,  just  as  surely  as  if  we  had  neglected  some  of 

the  preliminary  steps  of  our  process. 

Racking  itself  is  a very  simple  matter,  and  the  chief  Racking, 
pomts  to  observe  seem  to  be  the  prevention  of  aeration 
and  waste,  although  temperature  at  racking  is  of  some 
special  significance — for  instance,  if  beer  be  racked  at  a influence  of 

. . OP  T n temperature  on 

liiffh  temperature  it  is  not  so  free  from  suspended  yeast  apparent  degi-ee 

° ^ . r j of  brightness. 

as  it  would  be  when  presenting  the  same  appearance  of 
brightness  at  the  lower  temperature,  and  as  consider- 
able aeration  goes  on,  no  matter  how  carefully  we  may 
carry  out  the  racking  process,  it  is  not  difiicult  to 
understand  why  in  warm  weather  the  high  racking 
temperature  facilitates  a recommencement  of  fermenta- 
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tion,  the  air  absorbed  giving  to  each  suspended  cell  a 
new  lease  of  vigorous  life. 

On  the  other  band,  while  stated  brightness  means 
greater  cleanliness  at  the  low  temperature,  it  is  pretty 
evident  that  if  this  be  fixed  many  degrees  below  that 
normal  to  the  store  there  is  a rapid  rise  immediately 
after  racking,  and  this  undoubtedly  directly  promotes 
fermentation  miless  the  beer  be  very  destitute  of  gas, 
since  if  the  cask  be  sbived  off  and  gas  be  liberated  by 
the  rise  of  beat  we  have  a state  of  turmoil  inside  corre- 
sponding to  motion — another  influence,  as  we  have  seen, 
inducing  alcoboHc  change. 

On  the  face  of  it,  therefore,  it  is  wise  to  rack  beer 
at  the  temperature  of  the  main  store,  since  it  is  no  use 
racldng  higher,  as  in  that  case  a drop  in  temperature 
results  dm’ing  preliminary  storage,  giving  a cloud  to 
the  beer  and  a deposit  in  cask,  which  might  just  as 
well  have  taken  place  in  tank  ; and  it  is  equally  unwise 
to  rack  a beer  at  a very  low  temperature  so  that  a 
rapid  rise  results  ; rapidity  of  rise  or  fall  in  temperature 
in  the  case  of  finished  beer  invariably  leading  to  fretful- 
ness  on  the  one  band,  flatness  and  turbidity  on  the 
other. 

I may  take  a temperatui’e  of  55°  to  59°  as  a range 
for  winter  and  summer,  most  brewers,  I presume, 
having  storage  sufficiently  good  to  enable  them  to 
keep  within  such  a range ; and,  if  so,  the  racking 
temperature  for  the  warmer  months  should  be  about 
58°,  ranging  downwards  to  56°  in  the  winter,  although 
it  is  pretty  evident  that  in  the  colder  weather  the 
brewer  has  bttle  control  over  temperature  of  beer 
when  exposed  for  any  time  in  tanks  on  basement, 
unless  the  racking-room  be  much  more  closed  in  than 


is  usual. 
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It  is  perhaps  the  question  of  cask-plant  that  is  worthy 
of  the  more  notice  than  rackhig  temperature  in  discuss- 
ing this  subject,  since  I have  referred  to  wood  as  a 
veritable  kind  of  sponge,  the  pores  being  full  of  matter 
more  or  less  soluble,  and  either  in  a condition  of  inert- 
ness or  capable  of  promotmg  all  kinds  of  misound 
action  in  beer  that  comes  in  contact  with  it,  and  I have 
explamed  why  the  common  varieties  of  cask-plant 
timber  are  so  faulty  in  this  special  respect,  and  why 
the  rough-and-ready  method  of  cask-washing  generally 
carried  out  is  so  thoroughly  out  of  miison  with  the 
necessities  of  the  case. 

It  is  a point  of  popular  knowledge  that  beer  in 
bottle  keeps  much  longer  and  better  than  beer  in 
wood,  this  fact,  of  course,  depending  not  only  on 
accomit  of  a secondary  fermentation  having  probably 
resulted  in  cask,  with  corresponding  more  perfect  elimi- 
nation of  yeast-forming  matter  before  “ bottling,”  but 
especially  because  the  glass  bottle  has  a surface  that 
can  be  cleaned,  is  not  porous,  and  can  be  rendered  air- 
tight. 

As  glass  is  not  porous,  in  the  ordinary  sense  of  the 
term,  there  is  no  seat  or  hiding-place,  such  as  exists  in 
wood,  for  decaying  sedimentary  matter,  wort  deposit, 
or  sap ; while  if  the  beer  in  such  bottle  once  gets  into 
condition,  and  was  sound  when  bottled,  the  absence  of 
air  and  the  pressure  produced  by  the  carbonic  acid  set 
free,  combinedly  oppose  further  change.  Cannot  we 
see,  then,  why  the  absolute  cleanliness  and  fitness  of 
cask-plant  is  so  essential,  and  cannot  we  under- 
stand why  those  brewers  who  do  the  largest  private 
trade  business  pay  the  greater  attention  to  this  special 
subject  ? 

I should  very  much  like  to  ask  what  is  the  condi- 
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tion  of  cask-plant  in  the  immense  breweries  doing  a 
strictly  public-house  business,  a trade  that  practically 
requires  little  stability  on  the  part  of  the  beer  sold.  I 
have  no  hesitation  in  saying  that  in  the  majority  of 
instances  the  casks  would  be  fomid  thoroughly  unfit  for 
beer,  and  that  if  a few  shavings  of  wood  were  taken 
from  their  inner  sm’face,  we  should  find  the  pores  swarm- 
ing with  lactic  and  other  ferments. 

It  is  quite  common  to  hear  such  brewers  saying  that 
they  do  not  care  for  the  untied  private  trade ; they 
might  say,  with  greater  truth,  that  they  are  so  accus- 
tomed to  the  rough-and-ready  treatment  of  large  quan- 
tities of  beer  that  experiment  on  the  same  prmciple 
with  small  casks  has  never  been  successful.  Naturally 
so  : the  beer  that  remains  perfectly  sound  for  a month 
at  a fairly  low  temperature  hi  one  of  these  casks, 
exhibits  great  alteration  when  stored  for  two  or  three 
in  the  cellar  of  the  private  consumer  ; it  contracts  an 
unpleasant  flavour,  becomes  flat  and  unsomid. 

The  beer  has  penetrated  thoroughly  into  the  pores  of 
the  wood,  and  has  become  impregnated  with  soluble 
matters  that  it  has  found  there.  The  carbonic  acid 
escapes  by  the  same  porous  gateway,  and  it  is  only 
natural  that  preliminary  decomposition  sets  in.  I 
myself  have  seen  stacks  of  beer  in  breweries  of  this 
kind,  no  two  casks  of  which  would  be  in  the  same 
condition  or  present  the  same  flavour,  the  strange 
variation  in  palate-character  depending  upon  wide  dif- 
ferences in  surface  flavour  of  timber  of  the  individual 
casks,  the  condition  most  likely  influenced  by  the  un- 
equal aeration  communicated  at  the  time  of  racking, 
some  casks  frothing  very  considerably,  others  not  at  all. 

Altogether,  too  much  attention  cannot  be  given  to 
selection  of  timber  for  cask-plant,  and  the  proper 
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cleansing  of  each  vessel  before  it  has  passed  mto  the 
racking-room  ] and  I think  that  I described  the  modus 
operandi  pretty  fully  when  discussing  the  subject  of 
brewery  plant.  Dry,  cold,  and  sweet,  no  surface  acidity 
a^)parent,  free  from  all  traces  of  surface  mould ; casks 
may  be  left  in  dry  weather  even  two  or  three  days,  or 
longer,  before  being  filled  ; but  if  weather  be  damp  and 
temperature  high,  it  is  very  common  to  find  mould 
appearurg  in  an  apparently  clean  cask  in  twenty-four 
hours  after  it  has  passed  from  washing-shed. 

The  post  of  cask  cooper — that  is,  the  man  deputed 
to  select  casks  for  racking — is,  I should  say,  a most 
important  one  ; but  how  often  do  we  see  a man  without 
the  slightest  knowledge  of  his  business  passing  casks 
forward  to  the  racker  after  he  has  placed  his  finger  in 
the  bung-hole  to  ascertam  their  temperature,  and  his 
eye  to  the  cork-hole  to  observe  what  he  can  of  the 
inner  surface ! 

Brewers  must  judge  for  themselves  whether  such 
proceeding  is  all  that  is  necessary ; I hold  myself  that 
it  is  not,  and  that  if  a successful  private  trade  is  to  be 
done  the  greatest  care  must  be  taken  in  selecting  small 
casks  for  use. 

It  is  usual  to  dry-hop  the  casks  before  filling,  this 
preventing  much  frothing  that  would  otherwise  occur, 
although  it  necessitates  a second  topping  over  of  beer, 
the  dry  hops  absorbing  a great  deal  of  moisture.  A 
certain  amount  of  care  is  necessary  in  selecting  hops 
for  this  purpose ; they  should  be  large,  well  matured, 
free  from  leaf,  rich  in  condition,  and  of  undoubted 
soundness,  the  twigs  exhibiting  the  absence  of  mould, 
even  when  they  are  steeped  m water,  and  the  water 
examined  microscopically. 

Some  brewers  object  to  the  use  of  hops,  saying  that 
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if  beer  becomes  brisk,  annoyance  is  experienced  by  the 
publican  on  account  of  minute  fragments  of  flower  or 
leaf  floating  about  in  the  otherwise  decently  bright 
beer ; but  my  own  impression  is,  that  if  we  investigate 
the  exact  composition  of  the  so-called  particles  of  hops, 
we  shall  And  that  instead  of  being  so,  the  particles 
consist  of  conglomerated  yeast  cells.  If  brewers  do 
experience  such  difficulty,  it  is  quite  easy  to  use  a 
small  quantity  of  lupuhn  for  the  purpose  of  hopping 
down,  which  they  can  procure  for  themselves  by 
gently  rubbing  down  the  flower  of  hops  upon  a flne 
sieve. 

Some  little  care  is  necessary  in  order  to  prevent 
cloudmess  of  beer  through  the  over-use  of  new  hops  in 
cask,  such  variety  yielding  a very  oleaguious  extract  for 
which  no  proper  solvent  exists  in  beer  until  ethereal 
products  result  from  slow  fermentation  in  cask. 

I dare  say  most  of  my  readers  have  noticed  the 
peculiar  grey  shade  that  hangs  upon  heavily  hopped 
pale  beers  during  prehmmary  stages  of  storage,  this 
seeming  to  be  due  to  a larger  quantity  of  oil  existing 
than  can  be  held  in  perfect  solution  by  the  small  pro- 
portion of  solid  extract  existing  after  fermentation  ; and 
this  fact  shows  us  that  m spite  of  the  strongly-marked 
antiseptic  and  protective  agency  of  lupulin,  or  the 
condition  of  the  hop-flower,  hi  spite  of  the  aid  of  hop- 
tannui,  at  the  time  of  artificial  fining  it  is  midoubtedly 
a great  mistake  to  over-hop  rmmmg  beers  that  are  ex- 
pected to  be  perfectly  brilliant  soon  after  being  placed 
in  the  cellar  of  the  pubhcan  ; while  it  is  just  as  neces- 
sary to  heavily  hop  down  stock  and  export  beers  that 
have  to  keep  for  prolonged  periods  of  time. 

The  quantity  of  hops  usually  employed  for  dry- 
hopping amounts  to  some  :^lb.  per  barrel  for  beers  of  20 
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to  22  gray.,  |lb.  from  22  to  26,  fib.  to  11b.  for  heavy 
beers  ranking  upwards  from  27. 

In  coming  to  the  question  of  fining,  we  are  face  to  Fining- 
face  with  a matter  requiring  thorough  investigation,  for 
the  use  of  an  artificial  fining  material  has  simply  revo- 
lutionised brewing  operations ; for  whereas  some  few 
years  ago  public  taste  was  in  favour  of  aged  beer,  and 
as  very  lengthy  storage  of  the  unfined  beer  in  bulk 
was  necessary  to  ensure  brightness,  a vast  amount  of 
capital  was  consequently  locked  up  dm’mg  such  period,  generaUy. 
while,  at  the  present  time,  I should  say  two-thirds  of 
the  beer  produced  in  England  is  consumed  within  a 
month  of  its  production,  forced  into  a condition  of 
brightness  by  artificial  means. 

So  far  as  I remember,  the  introduction  of  isinglass  isinglass, 
as  a fining  material  was  the  primary  cause  of  the  com- 
plete change  in  modus  operandi  spoken  of,  for  all 
previous  artificial  methods,  such  as  the  use  of  silver  other  fining 
sand,  alum,  and  so  forth,  were  singularly  ineffectual  by 
comparison,  and  the  beer  so  clarified  was  not  calculated 
to  impress  people  by  its  degree  of  brilhancy  and  early 
palate  character ; for  I know  of  nothing  that  interferes 
so  much  with  the  delicate  flavour  of  beer,  especially  of 
that  of  only  moderate  gravity,  as  the  semi-cloudiness  Semi-oioudiness. 
which  means  a very  intimate  kind  of  connection  existing 
between  the  amorphous  matter  and  yeast  in  suspension 
in  the  weak  alcoholic  fluid. 

Now,  before  describing  the  preparation  of  finings, 
or  the  several  ways  in  which  such  material  is  em- 
ployed, let  us  clearly  understand  what  is  meant  by 
the  term  turbidity,  and  why  the  action  of  sand  and  Turbidity, 
alum  was  so  faulty  as  compared  with  the  influence 
of  coagulated  gelatine.  Turbidity,  or  persistent  cloudi- 
ness, means  what  is  termed  an  equilibrium  of 
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affinity — that  is,  matter  causing  opaqueness  is  held 
in  suspension  under  the  influence  of  the  affinity  of 
a fluid  which,  in  the  case  of  beer,  has  a varying 
acidity  ; in  other  words,  the  affinity  existing  is  not 
strong  enough  to  take  such  matter  into  solution, 
but  is  still  potent  enough  in  energy  to  keep  it 
suspended. 

As  before  explained,  affinity  can  be  increased  in 
various  ways,  such  as  by  elevation  of  temperature, 
alteration  in  acidity  percentage,  and  increase  in  such 
directions  would  promote  clarification,  while  dimi- 
nution of  affinity  by  contrary  steps  would  hkewise 
facihtate  brightening,  although  it  is  evident,  while  the 
drop  in  temperature  lessened  affinity  and  hberated  a 
certain  quantity  of  yeast,  the  practical  chill  would 
throw  a fresh  portion  of  matter  out  of  complete  into 
semi-solution,  this  being  a point  we  shall  have  to 
discuss  later  on. 

Such  methods  as  these  are,  of  com'se,  not  practical 
in  the  brewery  ; the  acidity  of  beer  has  to  be  normal,, 
not  exceeding  O'l  to  0'15  per  cent.,  and  beer  has  to  be 
fined  at  the  temperature  of  the  pubhcan’s  cellar,  so 
alteration  in  affinity  failed  utterly  as  a method  of 
promoting  ready  brilliancy,  and  it  was  only  after 
the  introduction  of  gelatine  as  a combined  chemical 
and  mechanical  fining  agent  that  brilliancy  was 
attainable,  and  a mild  beer  produced  fit  for  con- 
sumption almost  directly  after  fermentation  was 
complete. 

Now  in  what  sense  is  gelatine  a combined  example  of 
chemical  and  mechaaiical  action?  I have  mentioned 
tannin  as  one  of  the  constituents  of  hops  and  beer,  and 
it  is  the  presence  of  tannic  acid  in  beer  when  fined  tha  t 
enables  us  to  describe  the  fining  action  now  induced  as 
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partly  cliemical  in  nature,  since  tlie  gelatine  becomes 
partially  converted  into  tannate  in  the  form  of  a floccu- 
lent  mass,  while  this  rises  mechanically  through  the 
beer  as  a result  of  its  specific  lightness,  aided  in  no 
small  measure  by  the  buoyancy  of  air  and  escaping 
carbonic  acid.  The  perfection  of  action  when  gelatme 
is  used  depends  not  only  upon  care  and  judgment  in  the 
special  selection  of  isinglass,  but  also  a great  deal  upon 
the  preparation  of  the  fining  material  in  the  preliminary 
softening  or  gelatinisation  and  the  after  disintegration 
and  aeration  accomplished  by  sieving. 

The  sources  of  gelatine  are  numerous,  but  I am  afraid 
there  is  some  little  misunderstanding  connected  with 
the  use  of  the  term  gelatine  as  applied  to  that  special 
form  of  it  which  brewers  obtain  from  ismglass,  since 
gelatme,  strictly  speaking,  is  obtained  principally  from 
bones,  skin,  horny  matter,  and  cartilages  ; or,  more 
correctly,  it  results  when  these  substances  are  boiled  in 
water.  Now,  this  form  of  gelatine  is  not  capable  of 
acting  as  a fining  material,  and  the  true  gelatine  upon 
which  brewers  depend  constitutes  the  larger  percentage 
of  isinglass,  which  is  chiefly  prepared,  as  we  know, 
from  the  swimming-bladder  of  the  codfish. 

We  have,  however,  many  varieties  of  fish-ismglass 
offered  to  us — ordinary  cod-sound,  Penang  pipe,  leaf, 
strips,  Astrakan,  Eussian,  and  so  forth,  referring  to  the 
bladder  isinglass  of  different  species  of  fish  common  to 
those  special  localities.  That  variety  which  seems  to 
be  most  suited  to  the  requirements  of  the  brewer  is 
undoubtedly  Penang  leaf,  but  very  great  care  is  neces- 
sary m determining  the  presence  of  what  is  called 
body  and  the  absence  of  what  constitutes  waste  and 
costliness — viz.,  skin. 

Generally  speaking,  it  suffices  to  hold  the  leaf  to  the 
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light,  its  transparency  showing  its  purity,  while  each 
opened-out  bladder  should  be  thick,  and  white  in 
colour ; and  while  I am  aware  that  the  more  par- 
ticular brewers  will  give  as  much  as  8s.  or  9s.  per  lb. 
for  good  specimens  of  this  kind,  I think  that  4s.  6d.  to 
5s.  6d.  would  be  about  what  is  usual,  although  I am 
bound  to  say  that  I do  not  agree  with  seeming  economy 
in  this  direction,  as  I am  sure  that  a great  deal  depends 
upon  the  absolute  goodness  of  the  glass  itself. 

It  will  invariably  be  found  that  in  dealmg  with  the 
commoner  varieties  there  is  not  only  a great  deal  of 
waste,  but  when  the  finings  are  made  and  introduced 
into  beer  the  cloud  is  not  so  much  gelatinous  as  stringy 
in  appearance — in  other  words,  the  gelatine  of  such 
varieties  does  not  appear  to  become  easily  reduced  to  an 
absolute  jelly,  and  unless  this  is  so  the  stringy  appear- 
ance invariably  presents  itself. 

It  was  very  soon  fomrd  that  softening  of  gelatine  had 
to  be  accomplished  by  other  means  than  heat  if  the 
softened  product  was  to  be  employed  for  finmg  pur- 
poses. In  short,  if  gelatine  be  dissolved  or  softened 
in  either  hot  water  or  beer  the  finings  so  made  refuse  to 
cut,  so  a variety  of  dilute  acids  have  come  into  use 
which  do  not  vary  very  much  so  far  as  the  details  of 
their  employment  are  in  question ; the  acids  I refer 
to  may  be  classed  thus  : — Lactic  (old  beer),  sulphm'ous, 
tartaric,  and  commercial  acetic — i.e.,  as  distinct  from  ■ 
the  acetic  acid  of  absolutely  sour  beer.  [ 

The  use  of  old  beer  for  the  purpose  of  softening  ( 
isinglass  has  not  only  been  of  great  service  to  brewers  | 
in  the  way  of  enabling  them  to  work  off  returns,  but  | 

has  let  us  into  a secret  respectmg  the  speed  of  softening  | 

that  is  most  valuable.  Of  comrse,  it  is  necessary  for 
brewers  to  clearly  miderstand  that  in  using  old  beer 
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for  sucli  purpose  tliey  eventually  introduce,  when  fining 
their  mild  beers,  a perfect  host  of  acid  ferments,  besides 
the  gelatinous  matter,  which,  of  course,  has  more  or  less 
a tendency  to  decompose.  If  it  were  not  for  this  I 
might  say  that  old  beer  finings  would  be  very  far 
superior  to  those  manufactured  by  the  aid  of  stronger 
acids,  for  the  simple  reason  that  the  old  beer,  with 
its  0-6  or  0’6  per  cent,  of  lactic  acid,  is  very  slow  indeed 
in  effecting  complete  gelatinisation  of  the  glass. 

The  point  connected  with  the  use  of  old  beer  is 
indeed  a very  important  one,  since  it  is  no  exaggera- 
tion to  say  that  the  great  majority  of  beers  are  now 
artificially  fined,  and  that  after  being  fined  they  are 
stiU  in  many  cases  expected  to  keep  for  two  or  three 
months,  so  that  the  introduction  of  a pint  per  barrel  of 
what,  practically  speaking,  must  be  regarded  as  semi- 
putrefying  matter  is  simply  tempting  a result  that  may 
always  be  anticipated  if  the  beer  so  treated  comes  to 
be  stored,  the  brewer  perpetuating,  in  fact,  the  very 
evils  that  have  left  him  in  the  first  instance  with  a 
quantity  of  returned  beer  that  he  is  anxious  to  get 
rid  of. 

At  the  present  time  tartaric  and  sulphurous  acids  are 
ehiefly  employed,  the  former  in  the  state  of  crystals, 
the  latter  in  the  form  of  a solution  of  a specific  gravity 
of  1030  to  1040,  the  contention  being  that  if  higher 
gravities  of  acid  be  supphed,  the  excess,  over  and 
above  that  corresponding  to  the  gravity  stated,  rapidly 
escapes. 

The  general  method  of  procedure  is  as  follows : the 
glass  is  taken  sometimes  in  whole  leaves,  sometimes 
more  or  less  cut  up.  It  is  well  to  remark  here  that  if 
the  sample  be  in  any  sense  inferior  or  dirty  it  should  be 
carefully  soaked,  cut  open,  and  cleaned  before  being 
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placed  in  steep-tubs,  where  it  is  covered  with  water  and 
a definite  quantity  of  the  selected  acid  added,  this  quan- 
tity varying  very  considerably,  some  brewers  wishing 
to  prepare  the  finings  very  rapidly,  others  fancying  that 
slmo  action  is  preferable.  In  order  that  I may  give 
some  idea  of  what  is  usual  I may  remark  that  some- 
thing like  80  lbs.  pure  tartaric  acid  crystals  dissolved 
in  water  would  be  necessary  in  softening  112  lbs.  of 
glass,  while  from  16  to  18  gallons  of  the  sulphurous 
acid  at  gravity  stated  would  be  required  for  the  same 
purpose. 

In  using  the  latter  acid  it  is  advisable  to  keep  the 
tubs  tightly  covered  down,  the  acid  being  very  volatile. 
As  the  gelatine  swells  up  more  water  is  added,  the 
softening  mass  being  occasionally  stirred,  and  this  con- 
tinues till  each  lump  of  glass  is  so  gelatinised  that  it 
squeezes  easily  like  jelly  between  the  fingers.  The 
next  operation  is  practically  one  of  dismtegration  and 
aeration  combined,  and  is  attained  by  rubbing  the 
gelatinous  material  through  a fine  hah’  sieve  by  means 
of  a soft  dust  brush  or,  what  is  more  customary  perhaps 
at  the  present  day,  through  a series  of  finely-perforated 
copper  sheets,  on  the  pruaciple  of  brush  action,  patented 
by  several  firms.  It  has  always  been  my  opinion  that 
aeration  has  no  small  influence,  and  this  opinion  is 
more  than  confirmed  in  a letter  of  Dr.  Moritz,  in 
which  he  describes  the  action  of  flour-dressmg  as  being 
largely  due  to  the  influence  of  air  held  m the  hiterstices 
of  the  added  flour,  not  only  in  its  natm’al  state,  but 
much  more  so  when  whisked  up  (as  it  always  is)  prior 
to  its  addition  to  the  fermenting  wort.  I am  very  glad 
that  I have  such  an  opinion  to  add  to  my  own,  since  I 
have  over  and  over  agam  contended  it  is  not  merely 
the  addition  of  gelatinised  matter,  coagulated  as  it  is  in 
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semi-degree  by  tannin,  that  leads  to  rapid  brightening 
of  beer,  but  also  to  the  air  added  with  the  fining  mate- 
rial, and  the  carbonic  acid  that  is  naturally  liberated 
from  the  beer  by  such  addition. 

If  any  proof  is  needed,  what  is  more  striking  than 
the  difference  in  result  when  fining  a cask  of  beer  with 
stick- stirring  intermixture  of  finings,  and  when  merely 
introducing  the  same  quantity  of  finings,  followed  by 
a roll  over  of  the  cask?  Now,  why  should  there  be 
this  difference?  Is  it  not  perfectly  evident  that  in 
vigorously  stirrmg  with  a stick  we  not  only  obtain 
more  perfect  intermixture  of  the  fining  material,  but 
mtroduce  far  more  ah’  and  liberate  far  more  carbonic 
acid  than  takes  place  in  the  other  method?  But  aU 
this,  perhaps,  is  anticipating  what  should  follow,  and  I 
only  bring  it  forward  to  exhibit  the  necessity  for  the 
complete  aeration  of  the  disintegrated  gelatine  and  the 
use  of  finings  when  such  aeration  is  at  its  height,  or, 
in  other  words,  when  they  are  fresh. 

The  essential  pomts  are  absolute  gelatmisation 
without  solution,  and  complete  aeration,  smce  I care 
nothing  for  thickness,  so  long  as  these  two  conditions 
exist. 

The  truth  is  that  a great  many  brewers  not  only 
employ  poor  qualities  of  isinglass,  so  arrivuig  at  mere 
stringiness  in  place  of  gelatmous  character,  but  often 
commence  the  rubbmg-through  process  long  before  the 
glass  employed  is  effectually  cut.  In  truth,  the  manu- 
facture of  finings  is  no  simple  matter,  and  the  only 
reason  of  bought  finings  being  in  many  uistances 
superior  to  those  of  home  make,  in  spite  of  their  being 
practically  destitute  of  air,  is  simply  due  to  superior 
softening  of  the  origmal  material.  It  is  very  amusing 
to  hear  people  talk  of  solution  as  opposed  to  softening ; 
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people,  too,  who  ought  to  know  how  to  deal  with  a 
saccharometer,  and  that  its  indications  depend  merely 
on  matter  dissolved.  The  demonstration  of  the  fact 
that  no  solution  of  gelatine  results  is  remarkably  easy. 
What  is  simpler  than  to  make  a 50  per  cent,  mixture 
of  finings  and  water,  and  then  introduce  a saccharo- 
meter ? In  all  cases  it  will  indicate  no  solution  as 
represented  by  no  gi’avity,  while  a complete  difference 
will  be  noted  if  we  test  some  fining  material  that  has 
been  prepared  with  boiling  water. 

My  readers  will  thus  see  that  the  fining-room  of  a 
brewery  should  be  a definite  department ; that  a good 
stock  of  glass  in  different  stages  of  softening  should 
always  be  kept  on  hand,  and  that  finings  for  use 
should  be  rubbed  through  sieves  daily ; any  quantity 
left  being  agam  returned  to  steep-tub.  If  sulphurous 
acid  be  employed,  we  gain  a certain  advantage  from 
its  antiseptic  character,  which  is  missing  when  tartaiic 
acid  IS  substituted,  this  organic  acid  seeming  to  facili- 
tate the  development  of  mould,  so  that  it  is  usual  to 
add  sufficient  calcic  bisulphite  to  the  steep-tubs  when 
using  the  acid  named,  to  prevent  such  growth. 

It  is  curious  to  think  of  this  if  we  refer  back  to 
the  influence  of  acid  tartrate  of  potash  in  preventing 
development  of  fungoid  growths  in  grape-must ; but 
it  will  be  readily  understood  that  an  acid  may  facihtate 
such  growth,  while  a salt  of  the  acid  may  determme 
the  development  of  some  different  variety  of  ferment. 

Salicylic  acid  has  been  suggested  as  a substitute 
for  calcic  bisulphite  for  the  pm’pose  specified,  but  my 
experience  is  that  it  has  too  astrmgent  an  influence  on 
the  fining  material,  and  while  it  undoubtedly  prevents 
moulding,  it  practically  hardens  the  glass  that  we  are 
attempting  to  soften. 
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If  the  definition  of  finings  be  understood,  the  method 
of  using  them  naturally  follows,  and  from  what  I have 
said  respecting  turbidity,  it  will  be  perfectly  clear  that 
certain  conditions  of  effectual  clarification  must  exist 
before  flocculent  gelatinous  matter  will  promote  it. 
Nothing  is  more  common  than  to  find  beers  that  will 
not  mit  with  finings,  or,  perhaps,  the  finnig  material 
imdergoes  its  semi-coagulation,  and  seems  to  separate, 
but  no  distuict  brightening  takes  place,  and  the  reason 
of  this  is  summed  up  in  the  expression  that  fermenta- 
tion has  failed  m leading  to  that  nice  balance  that 
must  exist  between  fhe  affinity  of  the  fluid  and  the 
floating  solids  before  a mere  filter  will  remove  them. 

A coagulated  cloud  of  gelatinous  matter  is,  to  my 
mind,  a most  beautifrd  example  of  the  addition  of  an 
absolute  filter  to  beer,  as  opposed  to  the  plan  of  filtering 
beer  through  a filter  paper,  much  the  same  application, 
ingeniously  carried  out,  being  exemplified  in  the  fining 
principle  of  M.  Maignen,  who  practically  introduces 
disintegrated  cellulose  into  the  fluid  to  be  filtered, 
which  is  then  passed  through  a canvas  bag,  the  cel- 
lulose settling  down  as  the  filtering  film  on  canvas. 

The  brewer,  it  will  be  observed,  employs  disinte- 
grated gelatine,  and  he  converts  this  into  a filtering 
cloud  practically  by  the  tannin  of  his  beer,  the  imper- 
fection of  the  process  being  that  the  agent  of  filtration 
is  left  in  the  beer  itself,  while  in  the  process  of  M. 
Maignen  the  filtering  agent  is  removed  while  effecting 
clarification. 

The  fact  that  our  fining  process  is  merely  a system 
of  filtration  enables  the  brewer  to  carry  out  a very  use- 
ful little  experiment  in  deciding  when  beer  will  fine  pro- 
perly,  since  if  it  will  comport  itself  well  with  finings  it 
will  do  so  equally  when  filtered  through  blotting-paper  ; 
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and  this  invariably  results  unless  the  affinity  of  the 
beer  is  so  nicely  balanced  that  the  addition  of  acid 
finings  retards  or  prevents  perfect  mechanical  filtra- 
tion in  the  sense  that  the  acid  of  the  fining  material 
added,  which  in  the  case  of  small  experiments  is  always 
enormously  in  excess  of  the  practical  quantities  used, 
so  increases  the  affinity  of  the  fluid  for  suspended 
matter  that  the  mere  mechanical  action  of  the  cloud 
of  gelatinous  matter  rising  to  the  surface  is  unable  to 
separate  it. 

I dare  say  many  brewers  have  noticed  that  certam 
beers  cut  and  fine  very  well  in  cask,  while  very  inefficient 
clarification  takes  place  when  fining  of  a small  bulk  is 
attempted  in  open  sample  glass ; and  I am  bound  to 
state  that  this  midoubtedly  hinges  upon  the  immense 
excess  of  finings  used  in  the  small  experiment,  although 
imperfect  clarification  under  such  circumstances  seems 
to  point  to  very  defective  working  ; in  other  words,  the 
slightest  alteration  in  acidity  of  fluid  preventing  clarifi- 
cation, shows  that  the  beer  contains  a large  quantity  of 
suspended  matter  easily  held  in  semi-solution  by  a very 
limited  quantity  of  acid. 

Now  let  us  take  as  a startmg  point  the  case  of 
beers  that  fine  best,  and  then  contume  with  those 
that  exhibit  the  next  degree  of  qualification  for  sub- 
mitting readily  to  the  finmg  action,  and  finally  con- 
sider those  that  fine  the  least  readily  of  all.  They 
seem  to  stand  in  order  of  merit  thus — soft-water 
slow  fermented  beers,  sugar  beers,  and  lastly,  saline- 
water  productions.  Now,  why  should  there  be  such 
difference  ? 

In  the  case  of  the  slow  fermented  beers  time  has 
been  given  for  the  yeast  by  slow  reproduction  to  re- 
move every  particle  of  matter  that  is  capable  of 
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removal  by  such  a means,  including  the  amorphous 
matter  that  aU  wort  contains,  and  the  presence  of 
which  in  the  finished  beer  so  impedes  both  spon- 
taneous and  artificial  clarification  ; not  only  so,  but 
the  slow  fermentation  gives,  as  I have  before  ex- 
plained, a finished  beer  more  or  less  saturated  -with 
carbonic  acid,  which  has  such  an  immense  infiuence  in 
aidmg  the  actual  rise  of  the  coagulated  gelatine,  and 
I do  not  hesitate  to  say  that  proof  of  all  this  is  exlii- 
bited  in  the  ease  with  which  such  beers  fine  absolutely 
brilliant. 

Secondly,  in  the  case  of  the  sugar  beers,  we  accom- 
plish by  the  introduction  of  the  sugar  much  that  we 
set  the  yeast  to  do  in  the  first  instance,  while  we 
reduce  in  many  cases  the  acidity  of  the  finished  article 
quite  0-03  or  often  0-05  per  cent,  below  what  is  normal 
to  an  entire  malt  fluid  of  average  strength,  and  when  we 
think  that  this  amounts  to  one-third  of  the  total  acidity, 
and  its  influence  in  reference  to  affinity  is  extreme,  it 
wiU  be  seen  that  I am  not  making  too  much  of  the 
special  point.  I asserted,  as  will  be  remembered,  when 
discussing  fermentation,  that  a great  deal  of  the  influence 
that  the  use  of  sugar  exercises  in  promoting  the  easy 
spontaneous  clarification  of  beer  might  justly  be  ascribed 
to  its  practically  diminishing  the  normal  acidity,  which 
is  often  far  too  high  when  using  inferior  malt,  and 
the  second  instance  I give  of  its  mfluence  will  conse- 
quently appear  more  striking. 

Besides  this,  the  fermentations  of  beer  produced  on  the 
Imes  of  partial  sugar  use  are  generally  moderately  slow, 
in  fact  I often  term  them  medium,  as  distinct  from  slow 
or  fast,  and  the  beer  consequently  contains  more  dis- 
solved carbonic  acid  than  in  those  quickly  fermented  at 
comparatively  high  temperatures. 
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It  may  be  remarked  that  as  carbonic  acid  exhibits 
ail  acid  reaction,  its  presence  should  add  to  the 
affinity  of  the  fluid,  but  as  a matter  of  fact  there  is 
but  very  shght  difference  in  the  acidity  percentage  of  a 
beer  partly  saturated  with  this  gas,  and  one  that  is 
almost  destitute  of  it,  so  this  argument  has  no  substan- 
tial basis. 

Now  I come  to  the  case  of  saline-water  beers,  which 
exhibit,  at  any  rate  comparatively  speaking,  a very  poor 
artificial  fining  tendency,  and  it  is  midoubtedly  neces- 
sary that  we  should  all  clearly  understand  why  this 
is.  When  speakhig  of  saline  matter  and  its  influence  m 
reference  to  nitrogen  compounds,  I might  with  truth 
have  said  that  hard  waters  did  not  sensibly  decrease 
the  quantity  of  azotised  compounds  extracted  from 
malt,  this  knowledge  having  been  recently  put  before 
us  by  several  writers  who  have  investigated  the  whole 
subject. 

I may  take  it,  then,  that  a hard- water  beer  contains 
ill  its  di’y  extract  as  much  nitrogenous  matter  and  sus- 
pended amorphous  matter  as  one  produced  with  a soft 
water,  although  the  amorphous  matter  might  probably 
be  more  in  amount  in  this  latter  on  account  of  the 
known  disintegrating  influence  of  a soft  water  on  hop 
extract  during  boiling. 

However,  I may  ask  what  extent  of  ehmination  of 
such  matter  is  accomplished  during  the  very  rapid 
attenuative  change  which  is  generally  enforced  in 
breweries  where  hard  water  is  employed.  To  my 
view  there  is  very  httle ; the  amount  of  yeast  out- 


crop is  small,  and  a very  considerable  proportion 
of  what  is  left,  partially,  though  not  completely 
eliminated  from  solution,  and,  as  a natural  conse- 
quence, the  beer,  flat  by  comparison  with  the  one 
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first  described,  does  not  comport  itself  very  well  with 
finings. 

As  is  usual,  let  me  bring  forward  a proof  of  this  state- 
ment. The  saline  water  beer  which  refuses  to  cut  at 
time  of  racking  does  so  with  perfect  ease  after  it  has 
been  cashed  for  a short  period  and  passed  through  a 
secondary  fermentation,  either  incipient  or  complete. 
Why  ? This  second  fermentation  has,  in  reality,  com- 
pleted the  elimination  which  should  have  been  achieved 
in  the  first,  such  elimination  being  accomplished  m the 
slow  changes  first  described,  and  besides  this  the  beer 
becomes  gradually  more  and  more  saturated  with  the 
carbonic  acid  resultmg  from  the  slow  fermentation 
mider  pressure.  I beheve  that  this  explains  the  exact 
difference  between  the  three  kinds  of  beer,  while  in 
the  case  of  beers  that  refuse  to  take  finings  at  all  it  is 
evident  that  the  brewer  has  utterly  faded  in  his  fer- 
mentation to  accomplish  that  reorganisation  of  con- 
stituents that  it  is  one  of  the  main  offices  of  yeast 
to  achieve. 

I can  now  the  more  readily  describe  the  combined 
chemical  and  mechanical  connection  of  finings.  In- 
troduced into  beer  and  vigorously  intermixed,  the  fining 
material  is  immediately  acted  upon  by  the  tannin  of  the 
hop  extract,  which,  fortimately  for  brewers,  exists  in 
exactly  proper  proportion — a proportion,  however,  that 
varies  with  the  quantity  of  hops  in  use,  light  beers 
pretty  heavily  hopped  clarifying  better  than  those  of  a 
similar  gravity  lightly  hopped. 

The  extent  of  coagulation  produced  is  practically  very 
slight,  for  while  an  excess  of  tannin  would  convert  the 
gelatinous  material  into  lumpy  matter,  the  small 
quantity  present  simply  leads  to  the  formation  of  a 
flocculent  cloud,  the  interstices  of  which  are  filled  with 
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air  and  carbonic  acid,  so  that  the  gravity  of  the  cloud  W 
is  considerably  less  than  that  of  the  fluid  in  which  it 
floats  ; it  consequently  tends  to  rise,  although  m the 
case  of  small  experiments,  with  an  excess  of  gelatine, 
the  rise  is  somewhat  impeded  by  the  attraction  of  the 
surface  of  the  vessel  and  the  practical  blocldng  of  the  H 
rising  coagulum  in  cylinder.  5^,:^ 

It  has  often  been  a question  whether  finings  rise  or  V 

sink,  some  asserting  one  thing,  some  another  ; but  as  a |;: 

matter  of  fact,  the  whole  case  is  one  of  mere  gravity,  ' 

and  if  our  original  isinglass  has  been  sufficiently  dis- 
integrated,  if  it  has  not  been  over-coagulated  by  the 
tannin,  and  if  during  its  separation  as  a cloud  it  does  V' 
not  collect  too  great  a quantity  of  comparatively  heavy 
floating  impurities,  then  it  will  undoubtedly  rise,  while 
if  insufficiently  gelatinised  and  over  tanned  on  account 
of  minuteness  of  quantity  added  to  beer,  then  in  i; 

collecting  floatmg  yeast  or  amorphous  matter  it  i: 

soon  becomes  sufficiently  heavy  to  smk,  and  it  is  h 

clear  that  surface  attraction,  far  more  than  absolute 
filtration,  is  the  actual  finmg  agency  in  such  a 
case.  ^ 

When  finings  are  added  to  beer  in  glass,  it  is,  indeed,  j, 
instructive  to  notice  the  variety  of  change  which  results  , | 
— i.e.,  if  the  formation  of  flocculent  appearance  is  im-  3 
mediate,  and  rapid  separation  takes  place,  then  we  may 
know,  of  a certainty,  that  one  of  the  main  results 
of  fermentation  has  been  obtained  ; while  if,  on  the  | 
other  hand,  the  fining  material  breaks  up  into  number-  I 
less  little  particles  that  gradually  subside,  showing  their  H 
comparative  weightiness  without  producing  clarification,  || 
we  may  know  that  matters  generally  are  out  of  gear — || 

the  finings  are  either  imperfect,  or  the  beer  itself  is  H 
not  healthy,  which  means,  on  the  one  hand,  that  B 


MODERN  BREWING. 


243 


fermentation  is  in  progress,  or  altogether  incomplete 
and  unsatisfactory. 

The  mere  fact  that  such  beer  clarifies  decently  after- 
wards should  be  no  sufficient  satisfaction  to  the  brewer, 
for,  as  fermentation  is  carried  out  with  a distinct  idea, 
we  should  alone  rest  content  with  the  full  and  complete 
attainment  of  it,  the  more  especially  as  the  enforced 
carrying  down  of  yeasty  matter  to  the  bottom  of  a 
cask  by  artificial  means  leaves  the  beer  in  such  a state 
that  it  is  sure  to  undergo  deterioration,  sooner  or  later,  if 
warmth  or  motion,  or  both  combined,  bring  the  deposit 
again  into  active  fermentative  condition.  I make  these 
remarks  since  a custom  of  fining  beer  in  racking  tanks 
has  become  more  or  less  prevalent,  the  brewers  adopting 
it  being  apparently  unable  to  attain  by  fermentation 
alone  the  exact  degree  of  brightness  necessary  for  a 
racking  beer,  and  while  I admit  the  advisability  of 
forcing  beer  artificially  when  we  cannot  attain  bright- 
ness naturally,  I still  hold  to  the  opinion  that  the 
racking  tank  is  not  the  place  for  finings,  and  that 
endless  steps  should  be  taken  m the  direction  of  obtain- 
ing what  I take  to  be  the  invariable  sign  of  success 
in  fermentation,  namely,  the  spontaneous  and  decided 
clearing  of  the  finished  beer. 

It  may  be  asked.  If  the  tank  is  misuitable  for  fining 
operations,  where  should  it  be  accomplished  ? Now,  I 
have  spoken,  among  other  matters,  of  London  beers 
that  are  fined  by  the  publican,  and,  in  many  large 
towns,  more  especially  in  the  North  of  England,  it  is 
•quite  customary  for  the  brewer  to  supply  finings  to  the 
publican,  which  he  applies  as  he  thinks  proper. 

The  London  manipulation  is,  ‘however,  unique  in  its 
way,  the  finings  practically  being  thrown  out  of  the 
bung-hole  on  account  of  the  beer  itself  being  supplied 
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to  tlie  houses  in  very  fresh,  and  what  I may  term 
yeasty,  condition  ; while,  in  the  other  towns  mentioned, 
the  beer  is  supplied  very  clean,  and  the  finings  go 
directly  to  the  bottom,  the  cask  being  bmiged  tightly 
up.  This  brings  me  naturally  to  a process  that  has 
been  much  discussed — viz.,  the  tuorking-ozit  plan,  which 
is  common  enough  in  the  colonies,  but  only  occasionally 
resorted  to  by  Enghsh  brewers,  smce  very  few  are 
adepts  at  all  the  little  intricacies  of  the  process  that 
ax'e  so  necessary  to  ensure  success. 

The  plan  I refer  to  may  be  applied,  not  only  to  beers 
that  exhibit,  for  one  reason  or  another,  a dismclination 
to  clarify  spontaneously,  but  also  to  those  that  are 
required  for  shipment  before  brightness  can  be  expected, 
but  whatever  the  circumstances  may  be,  it  is  absolutely 
essential  that  they  should  be  healthy,  which  means  that 
no  fermentation  should  be  going  on,  that  the  attenua- 
tion accomphshed  should  have  eliminated,  or,  what  is 
more  correct  wording,  should  have  ended  in  the  elimina- 
tion of  the  matters  previously  mentioned,  and  that  in 
every  case  the  sample  should  exhibit  a ready  tendency 
to  xtpioard  separation  of  gelatinous  cloud. 

The  question  of  temperature  is  of  extreme  importance, 
for  I have  never  known  a beer  to  throw  out  finmgs  well 
under  a temperatm’e  of  60°,  while  the  slightest  di’op  is 
fatal,  for  this  not  only  tends  to  contract  floating  par- 
ticles and  finings,  so  rendering  them  heavier,  but  throws 
out  of  solution  matter  that  was  previously  dissolved. 

This  influence  of  chillmg  is  not  only  of  importance  in 
reference  to  this  special  subject,  but  is  of  similar  in- 
fluence in  many  annoying  instances  that  brewers 
experience  during  the  winter  months,  for  although 
beer  will  fine  at  pretty  nearly  any  temperature  between 
85°  and  65°,  it  is  necessary  that  no  drop  of  tempera- 
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•ture  should  take  place  either  during  or  after  the  fining 
Rction. 

Thus,  when  the  brewer  introduces  finings  into  a cask 
of  beer  that  happens  to  exist  at  a temperature  of  55°, 
and  the  cask  is  forthwith  transported  mto  the  cellar 
of  some  customer  naturally  standing  at  50°  or  below,  it  is 
not  to  be  expected  that  the  fining  will  result  in  bright- 
ness, but  I will  defer  till  I come  to  the  question  of 
storage  some  few  further  remarks  that  may  be  made 
-on  this  pomt. 

The  care  requisite,  then,  in  adopting  the  working 
mt  of  beer  centres  in  steadiness  of  temperature,  health- 
iness of  beer,  good  quality  of  finings,  and  perfect 
intermixture,  and  to  attain  all  this  in  the  colder  months 
of  the  year  it  is  obvious  that  the  beer  in  cask  must  be 
kept  off  the  gromid  in  a racldng-room  or  cellar  where 
it  will  not  be  exposed  to  variations  of  heat. 

Practically  speaking,  the  beer  should  be  racked 
direct  from  fermentmg  vessels  at  a stage  that  should 
correspond  to  that  of  settling,  and  should  be  placed  on 
shallow  stiUions  in  rows,  bemg  immediately  fined  with 
very  vigorous  stick-stirring  at  the  temperature  of  60° 
or  61°.  The  bmigs  are  left  out,  and  in  the  course  of 
an  hour,  if  the  rows  of  casks  be  carefully  topped  over, 
the  finings,  with  the  collected  yeasty  impurities,  will  be 
seen  coming  in  bunches  to  the  surface,  and  if  the  action 
be  perfect  they  will  be  thrown  through  the  bung-hole 
like  so  much  yeast. 

At  this  stage  careful  topping  over  with  bright  beer 
and  removal  of  lumpy  matter  by  the  finger  inserted 
through  the  bung-hole,  directly  aids  rapid  elimination, 
which  continues  pretty  steadily  for  some  six  hours, 
while  the  clean  beer  is  allowed  to  remain  for  another 
four  or  five  hours  to  give  time  for  all  precipitated 
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matter  to  conglomerate  together,  so  that  it  may  be 
the  more  readily  removed  during  the  next  stage  of  the 
process. 

This  may  be  described  as  “valinching”;  that  is,  tho 
removal  of  sedimentary  matter  by  means  of  a suction 
tube,  just  as  a chemist  picks  up  a deposited  precipitate 
by  means  of  a pipette.  It  is  remarkable  how  well  a 
sldlful  workman  can  remove  bottom  deposit  by  such 
means,  and  in  all  cases  it  is  advisable  that  the  last  two- 
or  three  draws  should  be  obtained  by  a glass  vahnch  in 
order  that  he  may  Imow  that  he  has  accomplished  his 
purpose. 

I may  say  at  once  that  I have  knovui  this  process 
put  in  operation  and  lead  to  a large  increase  in  output 
as  a proof  of  its  efficiency  as  a means  of  attaining  a 
certain  end,  and,  on  the  other  hand,  I have  known 
people  adopt  it  and  give  it  up  agam,  for  the  simple 
reason  that  it  did  not  appear  the  success  they  anti- 
cipated, and  this  is  by  no  means  difficult  to  under- 
stand. 

I do  not  for  a moment  suppose  that  “working-out”' 
can  convert  a bad  beer  into  a good  one,  or  prevent  the 
frets  in  cask  that  are  certain  to  result  if  the  condition 
of  the  yeast-forming  matter  of  the  beer  is  in  any  of 
those  peculiar,  changeable  states  to  which  I have  re- 
ferred ; but  I am  convinced  that  as  a process  it  stands 
out  as  being  eminently  serviceable  when  from  some 
untoward  cause  the  spontaneous  clarification  of  beer 
seems  to  hang  fire  just  before  brightness  should  result,, 
and  it  is  perfectly  easy  for  any  one  to  come  to  their 
own  conclusions  on  the  matter  if  they  will  put  it  in 
operation  with  the  due  attention  to  detail  that  I have 
insisted  upon  as  being  necessary. 

The  use  of  finings  in  beer  supplied  to  private  cus- 
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tomers  opens  up  naturally  a consideration  of  the  time 
at  which  such  fining  material  should  be  introduced, 
and  up  to  very  recent  periods  it  was  quite  customary 
for  brewers  to  fine  down  beer  in  casks  at  time  of 
racking,  shiving  up,  and  stowuig  away  in  the  ordinary 
mamier. 

If  we  think  for  a moment  we  shall  see  at  once  that  prior  to 
such  manipulation  is  very  faulty,  for  we  lock  up  in  our 
beer  gelatinous  material  of  a putrescent  character,  and 
as  the  fining  action  depends  upon  the  formation  of  a 
flocculent  cloud  of  semi-coagulated  gelatine,  such  action 
failing  to  result  a second  time,  we  should  of  necessity 
be  depending  upon  conglomeration  of  particles  and  sur- 
face attraction  influences  for  any  secondary  brightenmg 
of  the  beer  after  the  cask  so  fined  and  stowed  away  was 
removed  to  some  fresh  position. 

This  can  be  proved  by  experimenting  with  an  open  Cylinder  experi- 
cylinder,  and  we  shall  then  see,  if  we  allow  the  fined 
sample  to  stand  a few  days,  how  the  first  formed  light 
flocculent  coagulum  which  has  risen  to  the  surface  with 
its  collected  impurities  gradually  aggregates  on  account 
of  the  gaseous  constituent  escaping,  while  if  we  detach 
it  from  the  sides  of  the  cylinder  we  shall  see  it  gradually 
sinking  through  the  fluid  to  the  bottom. 

If  we  shake  up  the  cylinder  with  its  contents  this 
lump  of  fining  material  and  collected  impurities  will  be 
disintegrated  and  mixed  with  the  limpid  fluid,  only 
acting  when  the  cylinder  is  left  stationary  agahi  in 
much  the  same  way  that  silver  sand  would  act,  each 
mmute  particle  now  heavier  than  the  fluid  unsupported 
by  any  air  or  gas,  sinking  to  the  bottom  again,  leaving 
the  beer  fairly  fine,  perhaps,  but  short  of  the  old  bril- 
liancy which  only  results  again  after  several  days’ 
standing.  Now  this  is  exactly  the  case  of  the  cask 
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which  is  fined  down  at  racking  and  stowed  away  per- 
haps for  weeks  before  bemg  shipped  to  the  consumer. 

By  far  the  best  plan,  therefore,  is  to  add  the  fining 
material  at  the  time  of  shipment,  and  this  may  be 
readily  done  if  beer  be  carefully  looked  after  during 
storage,  while  there  is  no  difficulty  in  introducing 
finings  under  pressure,  if  we  are  dealing  -ivith  hard 
water  beers  that  have  to  get  into  condition  before 
readily  taking  finings. 

The  quantity  of  fining  matter  actually  used  amounts, 
if  the  material  be  thick,  to  one  pint  per  36  gallons, 
while  if  fluid  the  quantity  would  have  to  be  at  least 
double. 

There  is  a great  deal  of  knack  even  in  fining  with 
stick  stirring,  but  I believe  this  mainly  depends  upon 
the  different  degree  of  intermixture  accomphshed  by 
varymg  twists  with  the  mixuig-stick,  and  a plan  often 
followed  by  publicans  who  desire  to  fine  very  rapidly  is 
that  of  drawing  out  of  the  cask  to  be  fined  some  three 
gallons  of  beer  into  an  open  tub,  the  finings  being  then 
thoroughly  whisked  up  with  this  quantity  and  the 
whole  put  back  again  into  the  cask,  which  is  then 
either  rolled  over  or  well  stirred  up.  From  this  it  is 
clear  that  the  case  is  one,  as  I said  above,  of  complete 
distribution  of  the  gelatine  throughout  the  entire  bulk 
of  the  beer  to  be  fined. 

It  is,  of  course,  useless  attempthig  to  fine  a beer 
artificially  if  fermentation  is  going  on,  smce  under  such 
circumstances  practical  convection  is  m progress,  alto- 
gether interfering  with  the  rise  or  fall  of  coagulated 
fining  matter,  while  as  each  particle  of  sugar  splits  up 
a definite  and  corresponding  quantity  of  developing 
yeast  appears,  again  producing  cloudiness  or  turbidity, 
and  it  is  merely  folly  to  add  finings  to  beer  that  is 
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either  likely  to  undergo  an  immediate  fret  or  is  actually 
in  fretting  condition  at  the  time,  and  yet  this  is  con- 
stantly done. 

What  is  easier  than  for  the  cellarman  to  keep  a 
watch  upon  brewings  of  different  qualities  in  order  of 
rotation,  occasionally  fining  a sample  of  each  stack  or 
gyle,  to  determine  its  capacity  in  this  direction  ? If 
this  were  done  we  should  steer  clear  of  a great  many 
complaints  that  are  rife  at  seasons  of  the  year  when 
frets  are  more  or  less  common. 

I now  come  to  storage  conditions,  and  may  lay  down 
at  once  a very  simple  axiom.  Beer,  being  a vegetable 
fluid  of  no  very  great  stability,  improves  by  undergoing 
slow  incipient  fermentation  changes  under  pressm’e  in 
cask,  so  long  as  the  temperature  of  change  is  perfectly 
steady  and  of  an  intensity  that  will  not  force  on  violent 
action.  For  instance,  we  know  from  Continental  expe- 
rience, as  well  as  from  Pasteur’s  assertion,  that  under 
50°  unhealthy  change  is  impossible,  but  such  a tem- 
perature of  storage  is,  of  course,  unsuited  to  English 
beers.  On  the  other  hand,  the  character  of  the  dry 
extract  of  most  English  beers  is  so  wanting  in  stability 
that  we  do  not  care  to  practically  test  them  at'  any  heat 
over  60°,  so  that  as  far  as  such  beer  is  concerned  we 
may  say  that  if  well  brewed  the  secondary- fermentation 
mider  pressm’e  at  a temperature  of  about -57°  or  58°  will 
lead  to  definite  improvement  in -flavour,  a higher  alco- 
holic percentage,  and  an  increased'  deposit. 

Now,  variation  in  temperature  upsets  these  good 
results,  since  rises  lead  in  the  one  direction  to  contmued 
frets,  while  chills  occasioned  by  lowering  of  temperature 
frequently  lead  to  unpleasant  dimness,  and  what  in- 
variably follows  from  the  suspension  of  traces  of  yeast 
— a most  determined  mawkishness. 
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It  is  pretty  evident  from  this  that  it  is  useless  calling 
any  room  on  the  ground-floor  with  windows  aU  romid, 
frequently  with  half  the  panes  out,  subject  as  such  a 
room  is  to  all  the  fluctuations  in  atmospheric  tempera- 
ture, a suitable  beer  store. 

To  he  of  any  real  good,  a cellar  for  the  storage  of 
stock  beer  should  undoubtedly  be  underground,  and  so 
cut  off  from  the  atmosphere  that  a steady  temperatm’e 
of  about  67°  is  attainable.  The  only  defect  of  such 
arrangement  is  that  it  necessitates  the  use  of  gas,  while 
it  is  next  to  impossible  to  connect  it  to  the  ordinary 
drainage  system,  and  in  many  cases  a basement  cellar 
of  this  kind  is  apt  to  be  unpleasantly  flooded. 

It  is  a most  difficult  matter  to  arrange  the  flooring 
for  a store  in  which  beer  is  stacked,  for  either  the  floor 
or  the  casks  suffer  when  stacks  are  pulled  dowm  or  on 
being  driven  by  coopers  while  up-ended. 

There  are  only  two  floors  that  I have  the  least  faith 
in.  If  the  ordinary  basement  strata  is  pretty  firm  in 
character,  I imagine  there  is  no  better  plan  than  to 
cover  it  to  the  depth  of  an  mch  or  two  with  the  wood 
shavings  that  are  made  when  turnmg  up  shives  and 
pegs,  such  material  having  great  dismfecting  character, 
and  being,  of  course,  very  cheap,  it  can  be  replaced  as 
often  as  is  thought  necessary.  Again,  if  we  prefer  a 
hard  floor  at  a certain  pitch,  then  a mixture  of  granite 
and  cement  laid  upon  concrete  is  certainly  the  best, 
and  entirely  superior  to  brick,  flag,  cement,  or  asphalte, 
which  one  and  all  suffer  from  the  constant  friction  of 
rolling  casks  and  the  chipping  action  resulting  when 
casks  are  roughly  up-ended. 

In  coming  to  the  actual  treatment  of  beer  in  store 
we  have  to  consider  for  what  pm’poses  it  is  intended: 
if  for  stock  it  is  naturally  lowered  into  the  basement. 
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while  if  mild  and  for  public-house  use  it  remams  either 
in  racking-room  or  in  store  on  ground  level,  since  as 
the  cellars  of  the  publican  are  not,  as  a rule,  of  the 
best,  with  temperature  restricted  by  their  natural  posi- 
tion, it  is  useless  paying  particular  attention  to  such 
beers  if  at  the  end  of  a few  hours  they  are  to  be  moved 
away  to  the  consumer.  It  has  always  seemed  to  me  a 
point  of  extreme  importance  that  such  beers  as  are 
brewed  expressly  for  public-house  use  should,  during 
the  colder  months  of  the  year,  be  kept  at  a moderately 
low  temperature  on  the  premises  of  the  brewer,  so  as 
to  escape  those  constant  chills  which  frequently  result 
in  the  cellars  of  the  smaller  publicans,  which  are 
mostly  exposed  to  atmospheric  influences.  During  the 
warmer  months  of  the  year  we  have  to  keep  such  beers 
as  cool  as  possible  so  as  to  ward  off  a secondary  fer- 
mentation, which  is  common  to  all  beers  alike,  and 
which  comes  on  sooner  or  later  according  to  their  exact 
quahty,  degree  of  fermentative  capacity  at  the  time  of 
racking,  and  the  variation  of  heat  that  may  take  place 
dh’ectly  after  racking. 

All  beer,  as  I have  said,  contains  carbonic  acid,  and 
in  the  case  of  such  qualities  as  necessarily  have  to 
undergo  fining  it  is  important  to  prevent  the  collec- 
tion of  free  carbonic  acid  in  cask  prior  to  the  fining 
being  carried  out.  For  instance,  if  we  happen  to  rack 
beer  on  a warm  day,  and  the  temperature  of  the 
racking-room  facilitates  rise  of  heat,  a certain  amount 
of  carbonic  acid  is  set  free  from  the  beer  in  cask,  and 
if  the  bung  or  shive  be  out  it  readily  passes  off,  while 
if  the  cask  be  tightly  bunged  or  shived,  the  gas  set 
free  by  the  rise  of  heat  accumulates,  creates  pressure 
and  a variety  of  motion  that  acts  very  energetically  in 
bringing  on  secondary  change  ; and  it  is  for  this  reason 
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that  beers  of  fermentative  capacity  require  carefully 
venting  immediately  the  casks  are  filled,  when  the 
temperature  of  the  store  naturally  causes  an  mcrease 
in  heat.  If  this  is  neglected  it  wiU  be  found  that  in 
many  cases  a determined  secondary  fermentation  will 
set  in  at  the  end  of  a very  few  hours. 

This  is  exampled  in  the  case  of  Dublin  porter,  brewed 
for  town  trade.  AVith  such  a beer,  of  no  great  stability, 
and  which  would  not  be  consumed  if  flat,  it  is  necessary 
to  force  on  a cask  fermentation  to  lead  to  immediate 
condition  ; and  this  is  done  by  merely  racking  the  beer 
in  rooms  kept  moderately  warm  by  steam  pipes,  the 
induced  rise  of  temperature  being  quite  sufficient  to  set 
in  motion  further  fermentation,  so  long  as  the  cask  is 
tightly  shived  up.  At  one  time  there  was  a dispute  as 
to  whether  it  was  advisable  to  regulate  condition  in 
cask  or  to  allow  cask  fermentation  full  swing,  the 
upholders  of  the  latter  idea  asserting  that  under  the 
great  internal  cask  pressure  the  secondary  fermentation 
was  much  more  healthy,  and  was  put  an  end  to  by 
pressure  itself.  I believe  that  there  is  a great  deal  of 
merit  in  such  a notion,  and  if  the  stock  beer  existed  in 
the  cellar  from  which  it  was  to  be  drawn,  there  is  no 
doubt  but  that  the  beer  fermented  under  such  high- 
pressure  conditions  would  be  remarkably  good  if  it 
could  be  tapped  and  consumed  without  any  distm'bance 
of  the  bottom  deposit. 

As  a practical  question,  the  process  is  a faulty  or 
impossible  one  ; however  bright  the  beer  might  be  the 
extreme  pressure  would  lead  to  immediate  turbidity 
directly  it  was  reduced,  hy  diminishing  quantity  of  fluid 
contents;  while  if  the  beer  be  stored  for  lengthy  periods, 
the  high  pressure  gradually  disappears,  much  of  the 
gas  causing  it  passing  through  the  pores  of  the  wood. 
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while  the  remainder  is  taken  into  solution,  and  when 
the  cask  is  shipped  away  it  is  by  no  means  full,  and  the 
contents  exhibit  but  slight  capacity  of  again  becoming 
brisk,  the  violent  fermentation  that  originally  led  to  the 
pressure  ending  in  excessive  reduction  of  fermentable 
character,  the  high  pressure  very  seriously  influencing 
the  vital  power  of  the  alcoholic  cells  present. 

For  these  reasons  it  is  customary  to  carefully  con- 
trol cask  changes  by  the  simple  process  of  peggmg, 
which,  almost  in  a mysterious  manner,  prevents  all 
excessive  action,  since  my  readers  must  remember  that 
conditions  of  fermentation  in  cask  are  entirely  dififerent 
to  those  existmg  during  primary  splitting  up  of  fer- 
mentable matter. 

There  is  no,  or  at  any  rate,  very  little  air  present,  no 
motion,  and  the  suspended  yeast,  limited  in  amount, 
exliibits  in  a well-brewed  beer  a peculiar  condition  of 
inertness.  I have  mentioned  that  the  type  of  yeast 
developing  in  cask  under  these  abnormal  influences  is, 
or  sliould  be,  altogether-  different  from  orduiary  alco- 
hohc  yeast ; indeed,  I held  that  the  appearance  of  a 
cask  deposit  was  a pretty  sure  proof  of  the  fitness  of 
beer  for  storage,  since,  if  merely  consisting  of  the 
round  or  ovoid  vinous  cells,  we  might  take  it  for  granted 
that  we  were  finishing,  in  cask,  a range  of  attenuation 
that  should  have  been  accomplished  in  the  fermenting 
vessel.  This  is  perfectly  true,  and  the  species  of  alco- 
holic cell  life  that  gives  us  cask  condition,  in  the  case 
of  a well-hrewed  stock  beer,  closely  corresponds  to  the 
saccharoviyces  Pastorianus,  presenting  the  elongated 
appearance  far  more  prominently  than  ordinary  brewery 
yeast  is  able  to  do,  even  when  nutritive  conditions  are 
so  abnormal  as  I have  just  explained  them  to  be  in 
store  casks. 
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For  this  reason,  if  beer  be  left  quiescent  and  un- 
aerated by  “ rolling,"  at  a proper  storage  temperature 
— wbicb  in  England,  as  I have  said,  is  somewhere 
about  68° — the  second  fermentation  is  easily  controlled 
or  regulated  by  venting ; and  this  is  much  more  readily 
accomplished  by  the  tight  peg,  eased  as  required,  than 
by  porous  pegs,  which  are  supposed  to  act  auto- 
matically. 

Briefly  described,  the  venting  process  allows  of  car- 
bonic acid  escaping,  when  in  excess,  without  any 
chance  of  aeration  by  exposure,  and  on  this  principle 
we  have  a ready  means  of  preventing  flatness  of  beer 
during  the  colder  months  of  the  year,  since  if  non- 
aeration tend  to  retard  cask  fermentation,  it  is  e^ddent 
that  motion  facilitating  mixture  of  air  with  beer  must 
encourage  it. 

Brewers  frequently  experience  the  following  kind  of 
annoyance  when  the  normal  temperature  of  the  atmo- 
sphere tends  to  prevent  early  cask  condition ; their 
beer  racked  of  necessity  fairly  clean  is  immediately 
stacked,  and,  the  temperature  being  low,  no  fermen- 
tation results,  since  the  suspended  yeast  rapidly 
settles  to  the  bottom  of  the  cask,  and  remains  dor- 
mant there  on  account  of  the  lovuiess  of  store  tem- 
perature. 

Now,  if  we  oppose  this  restrictive  influence  by  the 
combined  agency  of  motion  and  resulting  aeration,  we 
shall  not  only  prevent  the  subsidence  of  yeast,  but  also 
bring  it  into  vigorous  vital  condition,  all  this  being 
easily  done  by  a daily  rolling  of  the  beer  for  some  little 
time  after  racking. 

The  great  advantage  that  Continental  beer  possesses 
turns  very  much  upon  storage  influences — i.e.,  the 
lowness  of  temperatm’e  prevents  violent  fermentative 
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action,  and  keeps  the  beer  fully  saturated  with  gas, 
while  the  automatic  method  of  preventing  rise  of 
bottom  yeast  by  keeping  pressure  in  cask  uniform  is  a 
system  that  might  well  be  adopted  in  large  restaurants. 
Unfortunately,  English  conditions  of  brewing  hinge 
upon  some  very  complex  methods  for  attaining  stabi- 
lity by  a process  entirely  different  to  that  common 
abroad,  and  the  successful  brewer  is  the  one  who 
succeeds  in  producing  a fluid  with  its  fermentative 
capacity  so  regulated  that  fairly  constant  condition 
in  cask  is  secured  without  tendency  to  any  violent 
changes  that  would  mean  an  excess  of  flocculent  sedi- 
mentary matter  in  cask  and  constant  cloudiness  or 
turbidity  of  beer. 

It  is  for  this  reason  that  English  beer  requires 
such  careful  attention  during  storage,  since  we  are 
deahng  practically  with  a fluid  containing  suspended 
yeast,  the  storage  temperature  exerting  an  immense 
influence  in  one  direction  or  the  other ; if  too  high, 
it  leads  to  violent  action ; too  low,  flatness  and 
corresponding  cloudiness  result.  I have  explained 
how  the  mere  influence  of  heat  can  be  modified  in 
one  direction  by  motion  and  aeration,  or  by  leaving 
the  racked  beer  in  more  fermentable  condition ; and 
how,  on  the  other  hand,  comparatively  high  tem- 
peratures may  be  neutralised  by  greater  dextrinous 
nature  of  beer,  more  perfect  elimination  of  yeast- 
forming matter  and  yeast,  and  perfect  quiescence  of 
beer  during  storage. 

In  concluding  this  subject,  brief  reference  must  be 
made  to  the  question  of  export  beer  and  bottling. 

It  is  not  too  much  to  say  that  good  quality  of 
export  beer  turns  very  much  upon  the  nature  of 
material  used  in  producing  it  in  special  reference  to 
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the  possible  dextrine  proportion  normal  to  different 
beers. 

I explained,  when  spealdng  of  material  and  mashmg, 
that  poor  malts  not  only  gave  worts  deficient  in 
dextrin,  but  that,  as  we  had  to  stew  worts  from 
inferior  malt,  we  seriously  diminished  even  the  low 
dextrin  proportion  characteristic  in  such  cases,  and 
it  -is  easy  to  see  how  the  use  of  saccharine,  as  a 
substitute  for  malt,  practically  leads  to  the  same 
result. 

For  this  reason,  if  by  custom  or  necessity  we 
happen  to  be  users  of  invert  sugars  or  saccharines, 
and  at  the  same  time  wish  to  produce  export  and 
bottling  beers,  it  is  of  extreme  importance  that  the 
malt  employed  should  be  so  good  as  to  render  stewing 
quite  unnecessary  in  order  that  the  beer  vdth  its 
proportion  of  added  saccharine  may  stiU  be  sufficiently 
dextrinous. 

Now,  why  is  dextrmous  character  so  important  ? 
Because  in  the  case  of  a beer  that  is  reqinred  to 
mature  very  gradually  the  non-fermentable  dextrin, 
becoming  slowly  hydrated,  affords  a basis  for  pro- 
longed and  yet  perfectly  regular  action,  and  on  this 
account  such  a beer,  if  racked  properly  clean,  never 
midergoes  those  violent  cask  changes,  and,  indeed, 
may  be  bottled  at  a much  earlier  stage  than  beers 
which  are  extremely  rich  in  fermentable  sugars  de- 
ficient in  indirectly  fermentable  dextrin,  and  con- 
tainmg  sufficient  ferment  matter  to  act  upon  the  sugar 
constituent. 

This  general  rule  may  accordingly  be  laid  do^vn : if 
our  beer  be  of  dextrinous  character  it  may  not  only 
be  racked  earlier,  which  means  at  higher  gra^dty,  and 
with  less  setthng,  but  may  be  bottled  or  exported 
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after  a brief  stay  in  stores;  while,  on  the  other  Export  beer, 
hand,  with  beers  deficient  in  dextrinous  natm’e,  we 
naturally  ward  off  rapid  secondary  changes  by  more 
perfect  ehmination  of  yeast,  greater  racking  brightness, 
and  careful  management  of  the  second  fermentation  in 
cask  before  allowing  it  to  pass  from  our  control,  and 
even  then  I doubt  whether  such  a beer  would  export 
well  in  wood,  although  it  does  so  admirably  enough  in 
bottle,  since  here  any  condition,  resulting  after 
bottling,  is  retained  as  a permanency,  while  in  wood 
it  would  be  evanescent,  and  miless  fermentation 
continued — an  unlikely  occurrence — flatness  would 
result. 

I think  this  is  confirmed  by  practical  experience, 
for  the  bottler  of  a Burton  beer  brewed  entirely  from  Treatment  of 
malt  and  with  water  of  a saline  character  so  depends  water  beers  for 

, bottling. 

upon  its  permanent,  yet  gradual,  fermentative  capacity 
that  he  bottles  comparatively  early  with  beer  moderately 
bright  and  in  no  condition ; he  depends,  in  short,  upon 
all  the  good  qualities  resulting  in  bottle  from  the 
slow  fermentation  that  will  progress  therein ; while 
the  bottler  of  a sugar  beer  is  not  only  careful  to  bottle 
perfectly  bright  and  in  good  condition,  but  at  a time 
when  these  ■ naturally  result  from  the  secondary 
fermentation  that  has  taken  place  in  cask.  In  short, 
he  makes  certain  that  all  violent  action  is  over 
before  placing  beer  in  bottle,  and  as  this  would  pro- 
bably mean  flatness,  he  bottles  in  good  order,  corking 
immediately. 

There  is,  indeed,  considerable  art  in  this  process, 
as  evidenced  by  the  great  variation  in  quahty  of 
bottled  beer  of  different  brands  sold  by  various  firms, 
and  in  order  to  prove  how  much  the  whole  character 
of  beer  has  altered  within  the  last  few  years  I may 
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bottling  of  beer  is  now  almost  universal,  this  meaning 
that  modern  beer,  even  when  existing  in  bottle,  still 
requires  the  presence  of  an  antiseptic  to  prevent 
deterioration. 
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CHAPTER  XII. 

THE  PEODUCTION  OP  BLACK  BEEES. 

I THINK  that  the  present  work  would  be  incomplete  if 
I did  not  devote  a separate  chapter  to  a consideration 
of  the  production  of  black  beers,  which  year  by  year  are 
growing  in  popular  favour,  and  are  to  be  commended 
on  account  of  their  superior  nutritive  character,  and  in 
many  cases  their  freedom  from  chemical  substances 
that  are  not  always  looked  upon  with  favour  by  the 
consumers. 

The  varymg  classes  of  black  beer  are  produced  m 
several  distinct  centres  of  brewmg  by  as  many  different 
methods,  but,  as  a rule,  we  have  two  main  principles 
in  operation  the  use  of  a soft  water  in  conjunction 
with  malt  of  distinctly  heavy  character,  not  inefficiently 
grown,  but  at  the  same  time  not  by  necessity  so  fully 
vegetated  as  that  employed  in  the  production  of  pale 
or  stock  beers. 

The  possibility  of  using  such  material  tmuis  upon 
the  fact  that  a large  proportion  of  the  malt  used  con- 
sists of  highly  caramelised  varieties,  and,  as  before 
explained,  caramelised  bodies  possess  a marked  pre- 
servative or  antiseptic  character,  while  the  black  beers 
produced  are  not  always  required  to  keep  for  any 
very  lengthy  period.  To  begin  with,  then,  it  is  not 
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customary  to  employ  saline  waters,  or,  in  other  words, 
if  such  water  be  employed  the  black  beer  produced  is 
deficient  in  that  roundness  and  fulness  of  palate  taste 
that  is  considered  so  necessary  a feature,  while  I can 
example  this  by  referring  to  the  black  beer  produced  at 
Burton,  which  has  been  miiversally  described  as  a mere 
black  pale  ale — i.e.,  though  black  in  colour,  its  palate 
taste  reminds  one  very  strongly  of  the  pale  beers  pro- 
duced by  Burton  firms.  It  will  be  quite  understood 
that  I am  not  decrying  this  article;  it  may  and  does 
suit  many  palate  tastes,  and  is  thought  a great  deal  of 
on  the  Continent,  but  at  the  same  time  it  differs  very 
widely  from  the  accepted  standard  quality  of  a black 
beer  as  specified. 

It  will  be  best,  perhaps,  to  divide  the  subject  under 
three  headings — the  production  of  Irish  porter,  London 
porter,  and  porter  produced,  as  I may  say,  by  a process 
of  manipulation,  my  meaning  bemg  a process  based 
upon  the  use  of  large  quantities  of  sugar,  not  only  m 
the  production  of  the  wort,  but  in  the  heading  of  the 
finished  beer. 

I suppose  that  Dublin  porter,  especially  that  pro- 
duced by  one  firm,  stands  out  pre-eminently  as  a 
special  and  distinct  type  of  beer,  and  just  as  Mr. 
Steele,  in  his  work  on  brewing,  asserted  that  the  whole 
success  of  the  original  London  porter  brewer  turned 
upon  the  adoption  of  deep  and  closed-in  coppers,  sa 
much  of  the  distinctive  character  of  the  Dubhn  porter 
spoken  of  depends  undoubtedly  upon  the  immense 
capacity  of  the  store  vats. 

According  to  Mr.  Steele’s  idea,  restricted  convection 
and  increased  temperature  of  ebullition  decide  more 
perfect  caramelisation  of  wort  extract ; and,  on  the 
other  hand,  depth  dm-ing  storage  determines  definite 
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fermentative  changes  and  the  development  of  special 
varieties  of  alcohohc  ferments.  Now  let  me,  in  full 
view  of  these  two  distinct  influences,  which  depend 
altogether  upon  plant  arrangement,  and  which  have 
been  undoubtedly  accidentally  adopted,  describe  the 
main  features  of  the  Irish  process. 

First  of  all,  there  is  the  midoubted  softness  of  water, 
that  used  in  Dublin  being  a mixture  of  mere  canal 
and  river  water,  the  organic  impurity  of  which  is 
counterbalanced,  comparatively,  by  the  antiseptic  nature 
of  wort  constituents  ; then  follows  the  selection  of 
material,  there  being  but  little  diversity  of  opinion  as 
to  what  proportion  of  the  different  descriptions  are 
most  suited  to  the  special  flavour  requisite,  while  as  a 
general  rule  the  Dublin  brewers  strictly  adhere  to 
exceptionally  good  pale  and  black  malts,  the  pro- 
portion varying  from  90  to  94  of  so-called  pale, 
according  to  its  exact  colour  yield,  and  the  balance 
of  black.  This  is  a very  simple  matter — a mere 
question  of  colour  ; and  all  I want  to  point  out  is  that 
brown,  amber,  or  crystalline  malts  are  not  used  in  this 
centre. 

There  is  little  to  say  about  the  actual  mashing  pro- 
cess, boiling,  or  collection  of  wort. 

Invariably  using  good  material  there  is  no  necessity 
for  stewing  or  any  of  the  careful  manipulation  that  is 
usual  when  dealing  with  inferior  malt,  when  employed 
for  the  production  of  pale  beers.  The  wort  is  fre- 
quently, indeed,  procured  by  maknig  up  lengths,  the 
liquor  of  which  has  been  sparged  over  goods  at  the  boil- 
ing temperature,  while  enormous  boiling  quantities 
leading  to  extreme  caramelisation  are  submitted  to 
■ebullition  in  closed  coppers. 

It  is  pretty  clear,  then,  that  by  employing  material 
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of  the  nature  referred  to,  mashing  it  at  comparatively 
low  temperature,  and  rapidly  boiling  off  the  collected 
worts,  a dry  extract  is  obtained,  abnormally  rich  in 
dextrin,  albuminous,  and  inert  bodies,  a combination 
which  invariably  ensures  palate  fulness ; but  it  is  not 
exactly  the  character  of  wort  that  has  gained  for 
Dublin  the  renown  undoubtedly  attacbmg  to  its  black 
beers,  this  bemg  due  more  to  a peculiarity  of  flavour,, 
partly  acquired  through  the  fermentation  of  immense 
bulks,  the  storage  of  similar  bulks  for  prolonged  periods 
in  vats,  and  the  very  careful  system  of  “ blending  ” 
carried  out. 

For  instance,  a Dublin  brewer,  we  will  say,  brews  in 
the  season  large  quantities  of  a bigb-gravity  stout  at  32. 
to  35  lbs.  saccbarometer  weight,  this  being  stored  in 
the  immense  vats  mentioned  for  some  twelve  months,, 
although  it  is  possible  that  this  period  of  storage  varies 
according  to  the  time  when  the  matm’ed  flavour  com- 
mences to  develop,  this  matured  heavy  stout  consti- 
tuting, as  I may  describe  it,  the  flavcniring  portion  of 
the  mixed  or  blended  beer  that  is  afterwards  disposed 
of  locally  or  exported. 

Next  we  have  the  mild  porter,  brewed  daily  ac- 
cording to  requirements  upon  the  usual  Hnes,  but  not 
Anally  vatted ; and,  thirdly,  we  have  the  “ heading," 
which,  in  several  of  the  breweries,  consists  of  a portion 
of  very  strong  first  wort  partially  fermented,  say  to 
half  original  gravity,  and  clarified  to  a definite  extent 
by  skimming ; this  prepared  day  by  day,  and  em- 
ployed, as  I may  express  it,  perfectly  fresh,  and  in 
that  exact  condition  of  quietude  that  each  brewer  finds 
necessary. 

There  is  nothmg  difficult  in  seeing  that  if  these  three 
distinct  beers — the  one  matured,  the  other  mild  and 
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clean,  and  the  third  half-fermented,  be  mixed  together 
in  different  proportions,  we  can  secure  a great  many 
varying  flavours,  degrees  of  fulness,  and  tendency  to 
early  cask  condition. 

In  other  words,  the  required  flavour  and  condition 
for  the  several  trade  outlets  are  arrived  at,  not  by 
miiformity  of  intermixture,  but  by  a perfectly  distinct 
variation  in  the  several  percentages  of  vatted,  mild,  and 
heading  descriptions.  I have  no  hesitation  in  saying 
that  the  success  of  Messrs.  Guinness  depends  on  good 
material,  great  bulk  during  fermentation  and  vatting, 
and  ingenious  intermixture  of  different  qualities  of 
produce,  whereby  a perfectly  uniform  palate  flavom’  is 
secm’ed. 

For  instance,  what  would  be  the  proceeding  for  a 
mere  local  demand  ? It  might  be  summed  up  thus  ; 
A large  and  definite  proportion  of  mild,  a dash  of 
matured,  a heavy  quantity  of  what  is  termed  gyle  or 
heading,  and  a warm  racking  room,  to  give  the  imme- 
diate cask  condition ; while,  on  the  other  hand,  and 
to  simply  give  the  extreme  case  for  export,  the  pro- 
portionate intermixtm'e  would  be  entirely  different  and 
the  heading  would  sink  to  a minimum. 

This  general  principle  underlies  the  whole  of  the 
several  processes  common  to  Irish  breweries,  but  I 
think  it  would  be  manifestly  rmfair  to  enter  into 
further  detail.  Many  people  have  attempted  to 
imitate  the  treble  intermixture  process  by  substitut- 
ing returned  porter  or  old  beer,  which  has  been 
bought,  for  what  I have  described  as  the  matured  or 
vatted  stout,  and  by  using,  for  heading  purposes, 
actual  fermenting  wort  or  simple  malt  flour,  but  in 
every  case  complete  failure  has  resulted.  The  old,  or 
returned  beer  is  different  in  every  way  to  stout 
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matured  under  pressure,  while  the  fermenting  wort 
or  the  malt  flour,  however  vigorous  they  may  be  in 
the  direction  of  inducing  condition,  are  m no  sense 
comparable  with  a strong  wort  partially  fermented; 
since,  hi  one  case,  we  are  introducing  developing  yeast 
wholesale,  m the  other  merely  wort  with  high 
fermentative  capacity,  freed  from  excess  of  yeast- 
forming matter  by  the  semi-fermentation  that  it  has 
passed  through. 

I do  not  think  that  the  Irish  brewers  touch  sugar 
at  all ; it  certainly  would  not  answer  for  the  special 
kind  of  beer  produced  by  the  one  firm  that  exports 
alone  850,000  barrels  a year,  and  I hold  that,  as  this 
export  does  not  represent  tied  trade  in  any  sense, 
it  practically  means  perfect  system  of  production. 
In  main,  I have  pointed  out  the  principle  on  which 
such  production  depends,  while  there  is  no  doubt  that, 
theoretically  speaking,  it  is  both  interestmg  and  in- 
structive. 

I have  often  heard  brewers  extol  the  pecuhar 
softness  of  their  own  stouts,  but  they  have  gene- 
rally ended  with  the  remark  that,  do  what  they  iviU, 
they  cannot  procure  the  exact  Dublin  flavour.  They 
will  not,  perhaps,  wonder  at  this  after  readiug  the 
above  description  of  the  Irish  process  ; and  I again 
lay  special  stress  upon  pressure,  grist  proportion,  and 
uniform  blending  of  distmct  quantities  of  three 
definite  beers. 

In  coming  to  England  we  have  very  different  pro- 
cesses in  operation,  the  only  common  property, 
perhaps,  bemg  the  use  of  waters  deficient  in  or 
destitute  of  saline  character.  I may  as  well  say,  at 
this  point,  that  so  strong  a view  exists  respecting 
necessity  of  softness,  that  in  cases  where  the  available 
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brewing  water  happens  to  be  at  all  saline,  it  is 
customary  to  soften  the  brewing  water  by  employing 
saline  bodies  that  have  not  only  an  extractive  capa- 
city, but  also  the  power  of  throwing  out  of  solution 
salts  constituting  permanent  hardness,  thus  leading  to 
practical  softening  of  the  water,  and  a double  increase 
of  its  special  extractive  power. 

I do  not  know  if  this  process  is  to  be  exactly  com- 
mended ; it  is  better,  perhaps,  for  a water  to  be 
naturally  extractive  instead  of  being  made  so  arti- 
ficially, while  the  carbonates  of  soda  and  potash  may 
extract  from  malt  a good  deal  of  material  that  would 
be  quite  as  well  left  behind.  At  the  same  time  both 
these  bodies  are  used  very  extensively,  the  latter,  per- 
haps, by  preference,  to  the  extent  of  30  to  85  grs.  per 
gall.,  and  if  any  calcic  sulphate  happens  to  exist  in  the 
water,  it  is  thrown  out  of  solution  as  carbonate,  while 
the  sodic  or  potassic  sulphate  is  neutral,  or  apparently 
so,  in  infiuence.  The  London  system,  a few  years  ago, 
depended  simply  on  the  employment  of  deep-well  water, 
naturally  containing,  as  taken  from  the  tertiary  beds 
below  the  clay,  a quantity  of  alkahne  carbonates  ; three 
and  sometimes  four  malts  were  used,  the  resulting  beer 
generally  going  straight  into  the  cellars  of  the  pub- 
lican, while  the  better  quahties  were  vatted  for  a certain 
length  of  time. 

This  proves  at  once  the  entirely  different  character 
of  the  porter  common  to  London ; it  is  mild,  full 
tasted,  and  absolutely  free  from  acidity.  Eecently,  the 
system  has  been  modified,  raw  sugar  coming  mto  pretty 
general  use,  this,  probably  determining  the  more  speedy 
consumption  of  the  beer,  giving  it  at  the  same  time 
greater  sweetness  ; but  much  of  the  distinct  flavour 
depends  on  the  fact  that  many  varieties  of  malt  were 
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and  are  still  used,  while  boiling  pressure  and  bulk 
durmg  fermentation  contribute  no  doubt  in  no  small 
degree  to  the  definite  flavour  that  attaches  to  the  black 
beer  of  this  centre. 

It  is  difficult  to  speak  with  respect  on  a process  that 
turns  on  the  free  use  of  inferior  material,  and  the 
speedy  consumption  of  the  resulting  beer  ; and  it  is 
not  wide  of  the  mark  to  say  that  two-tbirds  of  the 
London  porter  is  utterly  devoid  of  the  least  stabibty. 
It  is  consumed,  indeed,  almost  prior  to  the  completion 
of  fermentation,  the  last  traces  of  yeast  being  removed 
by  artificial  fining,  carried  out  at  a stage  that  leaves 
the  beer  moderately  fresh  to  the  palate — i.e.,  the 
flattening  is  not  so  great  by  finmg  as  if  carried  out 
later. 

The  common  course  is  merely  to  work  out  with 
finings,  as  described  previously,  and  I presume  that 
the  practically  rapid  tmm  over  of  capital  that  is  pos- 
sible with  a strictly  tied  trade,  and  by  such  modus 
operandi,  sufficiently  justifies  the  adoption  of  it ; but, 
as  compared  with  the  Dublin  system,  it  sinks  into 
insignificance. 

The  dangers  resulting  from  the  use  of  raw  sugar 
have  been  already  referred  to  ; they  combine  to  pro- 
duce those  disasters  which  the  large  London  brewers 
are  known  to  experience.  It  is  all  very  well  to  secure 
stability  for  short  periods  by  the  use  of  strong  anti- 
septics ; but  that  surely  is  not  good  brewuig,  and  with 
this  remark  I may  leave  the  users  of  raw  unrefined 
sugars  to  proceed  as  they  think  proper.  One  benefit, 
perhaps,  that  attaches  to  such  a process  is  the  ready 
fermentability  of  the  finished  beer,  for  the  beading 
principle  is  by  no  means  general  when  the  black 
beer  is  so  produced,  while,  if  found  necessary,  it  com* 
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moiily  consists  of  the  same  raw  sugar  in  concentrated 
form. 

It  is  curious  to  observe  the  different  flavours  that 
can  be  produced  by  slight  variation  in  percentage  in- 
termixture of  grist.  The  four  or  flve  varieties  of 
malt  common  to  London  may  be  described  as  pale 
amber,  crystalline,  brown,  and  black ; and  it  is  by 
mixing  three  of  these,  or  all  of  them,  in  different 
proportions  that  enables  each  brewer  to  suit  his 
own  palate  judgment  or  the  requirements  of  his  cus- 
tomers. 

A very  common  percentage  is  82  pale,  12  brown,  6 
black,  while  others  producing  the  black  beer  of  more 
liquorice  flavour  double  the  quantity  of  brown  malt.  A 
great  deal  is  supposed  to  depend  upon  temperature  of 
fermentation,  the  majority  of  London  brewers  working 
as  high  as  80°,  a temperature  which  is  held  to  deter- 
mine a distinctiveness  of  flavour  much  liked.  There  is, 
of  course,  nothing  difficult  to  understand  about  this, 
each  range  of  temperatm’e  corresponding  to  a different 
species  of  ferment  development,  an  extreme  instance  of 
this  bemg  seen  on  the  one  hand  in  the  case  of  bottom 
fermentation,  on  the  other  in  the  fact  that  ‘ ‘ caseous 
ferment  ” is  the  only  example  of  alcoholic  cell  hfe  that 
will  develop  at  a temperature  of  120°. 

This  covers,  I think,  the  proceedings  common  to 
London  breweries  : the  water  is  soft,  the  material  good, 
if  for  the  production  of  heavy- vatted  stouts  ; a perfect 
medley  when  the  ordinary  London  public-house  porter 
is  required.  Fermented  very  carelessly,  it  is  either 
flned  in  large  vats  or  sent  to  the  publican  in  such  a 
condition  that  when  flned  it  will  eject  the  flning  ma- 
terial from  the  bung-hole,  the  porter  being  immediately 
afterwards  drawn  for  consumption,  and,  if  we  are  to 
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believe  some  people,  capped  with  an  artificial  head  of 
fining  froth. 

I now  come  to  the  country  as  a whole,  for  outside 
London  and  Dublin  the  production  of  black  beer  is 
carried  on  in  no  very  distinct  maimer  ; some  brewers 
softening  water,  some  using  sugar,  others  employing 
malt-flour,  and  sugar  solutions  for  heading  pm’poses, 
and  most  falling  back  upon  some  definite  preservative 
agent  to  prevent  early  deterioration.  As  a rule, 
comitry  brewers  have  no  very  heavy  demand  for  their 
black  beers,  and  they  have  to  brew  them  accordingly — 
i.e.,  if  for  immediate  sale,  and  if  prompt  draught  can  be 
relied  upon,  country  brewers  imitate,  to  a certain  ex- 
tent, the  example  set  them  by  Londoners,  using  sugar 
as  a portion  of  the  extract,  raw  sugar  solution  as  the 
headmg. 

On  the  other  hand,  the  majority,  bound  to  iiroduce 
an  article  of  some  stability,  and  one  that  will  only 
come  into  condition  after  considerable  storage,  strictly 
adhere  to  entire  malt  brewings  with  low  initial  tem- 
peratures of  mash,  comparatively  brief  standing  periods, 
fermentations  progressing  with  free  range  of  heat, 
racking  their  beer  sometimes  as  high  as  Jrd  of  ori- 
ginal gravity.  Finally,  they  employ  some  definite 
kind  of  heading,  either  introducing  it  at  the  racking 
stage,  or  at  period  of  shipment.  Many  different 
varieties  of  heading  have  found  favour,  some  of  them 
being  substances  easily  fermentable,  others  practically 
wort  in  a state  of  fermentation,  or  when  in  the  state 
of  dry  flour  forming,  as  we  may  suppose,  the  food  of 
ferments. 

Quite  recently  it  has  been  suggested  that  flour  only 
acts  in  the  sense  of  being  the  store-house  of  so  much 
air ; but  this  view  seems  hardly  correct  in  face  of  the 


*4 


i. 


i 


r; 


MODERN  BREWING. 


269 


fact  that  the  addition  of  flour  to  black  beer  un- 
doubtedly leads  to  secondary  fermentation,  more  or 
less  prolonged  in  character,  and  I think  there  is 
no  doubt  that  the  crude  albuminous  matters  of  raw 
or  malted  grain  become  slowly  modifled  into  yeast- 
forming material  when  placed  in  a fluid  undergoing 
fermentation. 

The  use  of  flour  does  not,  however,  commend  itself 
to  many,  since  it  is  apt  to  lead  to  the  slow  generation 
of  gas  in  place  of  that  high  condition  that  is  considered 
so  essential,  so  the  popular  plan  at  the  present  time  is 
to  introduce  a prepared  solution  of  sugar,  either  per- 
fectly quiescent  or  brought  into  a state  of  incipient 
fermentation  a few  hours  previous  to  the  shipment  of 
the  beer.  This  operation  would  be  costly  if  the  sugar 
so  used  was  not  taken  into  account  when  calculatmg 
original  gravity ; it  is  customary  therefore  to  fix  upon 
a certain  quantity  of  sugar  solution  to  be  added  per 
barrel,  and  then  reducing  the  brewing  gravity  of  the 
beer  so  that  the  final  addition  of  sugar  brings  it  up  to 
standard. 

The  best  variety  of  sugar  to  use  seems  to  be  either 
dextrin-maltose  or  some  pure  saccharine.  A boiling- 
hot  solution  is  made,  cooled,  and  added  to  each  cask, 
the  ordinary  quantity  bemg  some  three  gallons  per 
barrel  of  a gravity  corresponding  to  1,150,  those  de- 
siring very  rapid  condition  inducing  a quiet  fermen- 
tation in  the  strong  sugar  solution  by  adding  a small 
weight  of  yeast.  It  will  be  evident  that  such  a solu- 
tion requires  constantly  making  afresh,  and  it  is  well 
even  then  to  treat  it  with  salicylic  acid  to  prevent  any 
deterioration.  To  admit  of  its  use  it  is  necessary  to 
keep  the  black  beer  in  stock  more  or  less  quiet,  since 
it  is  not  customary  to  add  this  form  of  dressing  before 
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the  beer  is  required  for  use,  very  rapid  fermentation 
immediately  following  its  addition. 

I need  hardly  say  that  if  this  heading  has  been 
treated  with  a little  yeast,  or  if  a little  malt  flour  be 
added  with  it,  it  puts  an  end  at  once  to  all  possibility 
of  flatness,  while  the  degree  of  condition  that  results 
may  be  increased  or  diminished  at  will  by  varying  the 
quantity  of  sugar  heading  employed,  or  the  proportion 
of  flour  or  yeast  that  is  added  with  it. 

These  several  systems  of  porter  brewing  are,  it  will 
be  observed,  sufficiently  diverse  in  detail,  but  of  late 
years  it  has  been  found  that  a preservative  is  almost 
as  essential  in  the  case  of  these  as  when  brewing  beers 
from  pale  malt  alone.  I mention  this  to  exhibit  the 
peculiarity  that  attaches  to  the  use  of  pure  sulphites. 

It  has  long  been  known  that  acid  sulphites  could 
not  be  used  with  impmrity  in  certain  soft- water  beers, 
a decided  stmk  invariably  resulting,  this  apparently 
being  due  either  directly  to  some  low  form  of  nitro- 
genous matter,  or  indirectly  to  the  presence  of  some 
form  of  ferment  life  determined  by  the  presence  of  such 
albuminous  compound.  Now,  black  beers  are  all  pro- 
duced with  soft  water,  and  the  same  rule  holds  good 
in  reference  to  them.  No  acid  sulphite  can  be  em- 
ployed, and  the  brewer  has  of  necessity  to  fall  back 
upon  either  salicylic  acid  or  a neutral  sulphite,  while 
taking  into  consideration  the  price  of  the  former,  there 
is  no  wonder  that  he  has  selected  the  cheaper  article. 
The  neutral  sulphite  employed  is  that  of  lime,  and  it  i 
somewhat  important  to  see  that  the  selected  variety  is 
of  stated  purity,  and  considerable  rehance  may  in  this 
respect  be  placed  in  analytical  reports. 

This  subject  of  preserving  porter  is  undoubtedly 
worthy  of  attention,  since  porter  retm-ns  are  practically 
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valueless,  and  yet  up  to  very  recent  times  few  brewers 
commenced  the  use  of  antiseptic  agents  on  accomit  of 
the  dread  existing  respecting  unpleasant  smell.  I think 
it  will  be  found  that  in  the  great  majority  of  instances 
pure  calcic  sulphite  will  resist  reduction  and  put  an  end 
to  losses  in  porter  production  that  have  hitherto  been 
very  common.  I would  wish  every  one  to  pay  special 
attention  to  the  exact  differences  in  system  that  I have 
so  enlarged  upon,  while  there  are  some  influences 
in  brewmg  that  have  up  to  the  present  time  been 
strangely  neglected,  for  no  doubt  pressure  as  induced 
by  bulk  has  a very  great  deal  to  do  with  the  character- 
istic flavours  of  certain  well-known  brands  of  beer. 

I have  designedly  left  the  above  subject  to  form  a 
concluding  portion  of  my  work,  as  it  was  difficult  to 
find  any  more  appropriate  position  for  it.  In  a book 
of  this  description  it  is  hardly  advisable  to  touch  upon 
the  production  of  certain  classes  of  beer,  but  to  lay 
down  as  clearly  as  possible  the  general  principles  that 
guide  us,  or  should  do  so,  m producing  all.  The  only 
novelty  I can  claim  for  the  contents  of  the  volume  s 
that  I have  tried  to  explain,  in  a strictly  practical 
manner,  the  intimate  connection  that  exists  between 
character  of  wort,  system  of  fermentation,  and  final 
quality  and  stabihty  of  beer. 

From  first  to  last  I have  urged  the  immense  im- 
portance of  the  fact  that  all  success  in  brewing  depends 
on  the  careful  cultivation  of  much-despised  yeast.  I 
am  well  aware  of  the  bearing  that  material  has  upon 
flavour,  but  at  the  same  time  we  may  use  the  very 
best  malt,  sugar,  and  hops,  the  very  purest  water, 
and  yet  be  completely  unsuccessful  if  we  ignore  the 
necessities  of  - yeast  growth. 
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I have  not  attempted  to  branch  out  into  a discussion 
of  any  advanced  points,  or  to  touch  upon  subjects  that 
are  matters  of  dispute  ; and  if  I may  attach  special 
significance  to  any  of  the  chapters,  it  is  most  un- 
doubtedly to  those  on  Mashing  and  Fermentation, 
since  in  the  former  I had  to  deal  with  the  preparation 
of  the  field  of  growth,  in  the  latter  with  the  cultivation 
of  the  seed  sown. 

My  strong  impression  is,  that  in  view  of  constantly 
increasing  difficulties  in  brewing,  brewers  should  make 
themselves  masters  of  simple  laboratory  manipulation 
that  will  enable  them  to  determine  quality  of  material 
employed,  for  so  long  as  they  use  inferior  malt,  sugar, 
and  hops,  so  surely  will  they  have  to  adopt  complex 
methods  of  proceeding  m order  to  overcome  theh 
influences,  or  court  disaster  when  not  doing  so. 

The  question  for  my  readers  to  determine  is  a very 
simple  one.  Is  it  easier  and  more  economical  to  em- 
ploy the  cheaper  material  necessitating  the  complex 
process,  or  buy,  at  a high  price,  malt,  hops,  and 
sugar  that  will  readily  submit  themselves  to  the  old- 
fashioned  simple  processes  of  production  ? Over  and 
over  again  I have  referred  to  the  subject  of  peptones, 
and  I hope  that  I have  clearly  explained  what  such 
term  means  in  a brewing  sense;  while  if  we  remember 
for  a moment  the  kind  of  deterioration  that  has  been 
seen  in  the  case  of  the  vast  bulk  of  Enghsh  barleys 
cultivated  during  the  last  ten  years,  we  shall  have 
no  difficulty  in  satisfying  ourselves  of  the  connection 
between  limited  diastatic  capacity  of  malt,  deficient 
peptonic  nature  of  wort,  and  corresponding  want  of 
stability  of  beer. 

It  is  not  that  diseased  ferments  are  novelties,  but 
these  wretched  worts  that  favom*  rather  the  develop- 
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ment  of  acid  ferments  than  those  which  the  brewer  is 
specially  interested  in  cultivating. 

We  English  brewers  want  to  take  some  distinct 
com’se.  If  we  persist  in  using  the  semi-raw  grain,  let 
us  by  all  means  have  the  plant  that  will  enable  us  to 
treat  it  effectually,  let  us  adopt  the  bottom  fermentation 
systeni  and  preservation  of  beer  by  cold,  or  take  the 
other  sensible  course  : malt  barley  that  will  grow,  malt 
it  efficiently,  and  procure  worts  of  a nature  that  was 
common  a few  years  back — now  very  scarce.  Go  where 
you  will,  the  successful  brewer,  who  does  not  know 
what  worry  or  trouble  means,  is  the  brewer  in  some 
favoured  spot  who  finds  the  very  best  of  barley  always 
ready  to  hand  at  a reasonable  price.  Is  there  not  a 
simple  lesson  in  this  that  amply  confirms  all  that  I 
have  been  saying  and  repeating  over  and  over  again  ? 

It  is  not,  I think,  the  fact  that  brewers  are  becoming 
more  ignorant  that  accounts  for  the  terrible  misfortunes 
that  befall  so  many,  but  that  one  and  all  carelessly 
ignore  the  change  that  has  gradually  crept  over  the 
general  character  of  English-grown  grain,  rendering 
the  brewing  process  a much  more  complex  manipula- 
tion than  was  previously  necessary. 

No  book  on  brewing  that  was  ever  written  can  make 
up  for  defective  practical  knowledge  ; but  I shall  be 
very  glad  indeed  if  this  volume  is  sufficiently  plain  in 
its  wording  of  theoretical  matter  to  enable  the  expe- 
rienced manager  to  grapple  successfully  with  the  new 
order  of  things,  and  prove  to  the  student  that  there  is 
really  something  to  learn  as  regards  “ the  theory  and 
practice  of  modern  brewing.” 
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CHAPTER  I. 

MALT  AND  ITS  MANUFACTUEB. 


It  is  not  my  intention  in  tins  brief  chapter  to  go  into 
any  very  great  detail  on  the  subject  of  malt  and  the 
differences  in  character  of  extract  that  it  yields,  since 
points  of  this  kind  will  come  up,  of  com’se,  for  discus- 
sion in  the  following  chapter  on  mashing,  which 
embraces  an  account  of  the  Continental  process,  with 
variations  in  character  of  extract  that  result  from  the 
adoption  of  limited  or  complete  decoction.  In  experi- 
mental work  that  I have  recently  carried  on,  however, 
I have  seen  so  much  to  impress  me  with  the  idea  that 
malt,  during  recent  years,  has  undergone  changes  in 
character  of  no  small  moment  to  brewers,  that  I think 
it  advisable  to  touch  upon  two  or  three  points  in 
reference  to  this  particular  subject  that  will,  I am 
sure,  interest  readers  generally. 

What  better  statement  could  be  taken  as  a text  than 
that  the  question  of  yeast  reproduction  is  now  occu- 
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pying  the  serious  attention  of  brewers,  who,  year  by 
year,  perhaps  experience  increasing  difficulty  in  suc- 
cessfully reproducing  the  particular  type  of  ferment 
peculiar  to  their  own  system  of  working,  determining 
the  more  recommendable  flavour  of  beer,  while  at  the 
same  time  purging  the  collected  wort  to  an  extent 
ensuring  stability  of  beer  either  dm’ing  prolonged 
storage  at  home  or  shipment  abroad. 

The  practical  work  referred  to  above  has  been  in  con- 
nection with  the  subject  of  cold  water  mashing,  while 
I have  found  that  when  inferior  malts  are  intermixed 
with  cold  water  as  a preliminary  step,  and  digested  at 
a temperature  of  95°  for  a considerable  period  before 
mash  is  Anally  raised  to  150°,  or  above,  a wonderful 
increase  in  proportion  of  soluble  albuminous  matter,  as 
finally  existing  in  cooler  wort,  is  attained,  while,  on 
the  other  hand,  when  dealing  with  malt  of  high-class 
character  in  a similar  way,  little  or  no  increase  is 
noted  in  the  soluble  albuminous  percentage,  even  when 
carrying  out  the  cold  mfusion  process  as  an  initial 
step  in  the  mashing  operation.  This  particular  state- 
ment is  so  important,  that  it  could  not  possibly  be 
passed  over  without  thorough  explanation,  although 
this  shall  be  kept  in  as  limited  a space  as  possible. 

For  what  purpose  do  we  malt  grain  ? Surely  to 
accomplish  by  artificial  vegetation  exactly  the  same 
modifications  of  original  crude  barley  extract  as  that 
naturally  taking  place  in  the  soil,  stopping  such 
modification,  however,  before  any  considerable  loss  of 
soluble  constituents  results  from  overgrowth  or  undue 
development  of  root  or  spire. 

It  would  be  sufficiently  easy  to  show  that  if  such 
artificial  vegetation  is  forced  by  an  excessive  supply 
of  either  moisture  or  warmth,  we  fail  to  accomplish 
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the  modification  that  is  naturally  attained  in  the  soil. 
In  other  words,  we  may  either  malt  grain  so  as  to 
attain  perfect  modification  of  crude  matters,  corre- 
spondmg  to  results  of  natural  growth,  or  we  may  force 
the  indices  of  vegetation  without  arriving  at  the 
requisite  changes — at  any  rate,  to  the  desired  extent ; 
and  this  is  exactly  what  we  mean,  or  what  we  should 
mean,  when  speaking  of  defective  material,  i.e.,  malt 
apparently  well  grown,  but  vegetated  under  such  faulty, 
abnormal,  and  strictly  artificial  conditions,  that  natinal 
modifications  that  should  have  taken  place  during  floor 
process,  have  in  no  way  proved  satisfactory  in  result. 
This,  mdeed,  is  why  inferior  malt  benefits  so  much 
from  being  first  of  all  infused  in  cold  water,  and  then 
kept  for  a prolonged  period  at  a digestive  temperature, 
since  we  thus  complete  in  the  mash  tun  the  modifi- 
cation process  that  ought  to  have  been  determined  on 
the  malthig  floor ; while  good  malt,  on  the  other 
hand,  may  be  referred  to  as  material  that  has  passed 
through  a prolonged  process  of  artificial  vegetation, 
based  strictly  upon  natural  lines  of  working,  the 
interior  constituents  of  the  grain  being  much  more 
completely  modified  than  under  other  circumstances, 
while  the  resulting  extract  contains,  in  consequence, 
the  requisite  amount  of  fully  digested  forms  of  soluble 
nitrogenous  matter. 

Now,  in  order  that  this  statement  may  be  clearly 
understood,  I think  it  best  to  append  figures  showing 
the  variation  in  results  obtained  when  submittmg 
common-class  material  first  of  all  to  cold  infusion, 
and  then  to  the  ordinary  system  of  mashing ; while, 
in  the  second  case,  the  figures  show  the  variation 
in  results  when  dealing  in  exactly  similar  manner 
with  malt  of  high-class  quality. 
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centag^a  in  wort  COMPARATIVE  ANALYSES,  SHOWING  THE  COMPOSITION 
OF  WORT  EXTRACT  OBTAINED  BY  Mashing  (a)  by 
THE  OKDINAKY'  INFUSION  PROCESS,  (6)  BY  THE 
Coed  Mash  Method. 


I.  Common  English  Barley  Malt. 


100  parts  Wort  Extract  contain  i 

Ordinary  Infusion 
Method. 

Cold  Mash 
Method. 

Maltose  

70-00 

67-10 

Dextrine 

13-07 

16-01 

Albumen 

4-72 

7-40 

Ash  

2-15 

2-36  j 

Inert  matter  

9-06 

7-13  1 

II.  Fine  English  Barley  Malt. 


100  parts  Wort  Extract  contain  j 

Ordinary  Infusion 
Method. 

Cold  Mash 
Method. 

Maltose  

71-13 

65-65 

Dextrine 

12-01 

17-25 

Albumen 

5-78 

6-32 

Ash  

2-29 

2-30 

Inert  matter  

8-79 

6-48 

These  results  are,  no  doubt,  conclusive,  since  they 
show  at  once,  in  the  clearest  possible  manner,  that 
good  material  submits  itself  readily  to  almost  any 
method  of  mashing,  practically  yielding  the  same  pro- 


APPENDIX. 


279 


portion  of  soluble  nitrogenous  matter  when  intermixed 
with  liquor  at  168°  or  170°,  as  it  does  when  infused  in 
a preliminary  way  with  liquor  at  a temperature  of 
100°,  or  even  lower. 

Does  not  this  explain  why  brewers  suffer  so  much 
when  dealing  with  defective  material  ? Obviously  it 
contains  an  insufficient  amount  of  albuminous  matter 
soluble  at  high  temperatures,  while  the  unfortunate 
operator,  driven  to  infuse  it  at  heats  unfavourable  to 
the  formation  of  soluble  albuminoids,  the  resulting 
wort  is,  in  consequence,  more  or  less  sterile  in 
character.  The  English  mash  tun,  m short,  is  not 
adapted  for  such  material ; it  is  a vessel  constructed 
for  dealing  only  with  grain  which,  through  the 
influence  of  judicious  growth,  has  become  so  modified, 
that  simple  infusion  with  hot  water  suffices ; while, 
if  readers  have  been  following  what  I have  said,  it 
will  be  clear  that  this  result  only  occurs  when  the 
malting  process  is  thoroughly  organised,  and  when 
artificial  growth  of  grain  proceeds  exactly  as  it  does 
when  takmg  place  naturally  in  the  soil.  If  forced 
by  abnormal  conditions — that  is,  by  either  midue 
apphcation  of  warmth  or  moisture — we  merely  have 
the  indices  of  growth  in  spire  and  root,  without  the 
modification  results  of  natural  vegetation. 

Now,  it  would  be  rash  for  English  brewers  to  alter 
their  mashing  plant  to  enable  them  to  deal  with  de- 
fective material  in  a more  satisfactory  manner  than 
at  present,  since  their  best  interests  would  be  served 
by  either  making  their  own  malt,  or  insisting  upon 
the  maltster  steadily  adhering  to  prmciples  which,  no 
doubt,  governed  the  process  many  years  ago,  but  which 
have  been  more  or  less  abandoned  at  the  present  day, 
partly  under  the  influence  of  substitution  of  beer  duty 
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for  malt  tax,  partly  under  that  of  altered  character  of 
grain,  but  principally,  no  doubt,  on  account  of  the 
constant  cry  raised  by  brewers  that  malt  should  be 
efficiently  grown. 

The  maltster,  wilhng  enough  to  conform  to  these 
requirements,  has  in  many  cases  secured  growth  at  the 
expense  of  good  quahty  of  malt  made,  in  special  re- 
ference to  its  capacity  of  yielding  those  very  essential 
forms  of  yeast  nutriment  that  are  at  all  times  required, 
especially  when  substitutes  for  malt,  in  the  shape  of 
sugar,  are  employed  to  any  considerable  extent  in 
practical  brewing,  I am  aware  of  no  subject,  indeed, 
of  greater  importance  than  this ; and  although,  very 
likely,  the  great  majority  of  maltsters  Avould  assert 
that  they  have  been  effecting  constant  improvement  in 
process  during  the  last  twenty  years,  I am  strongly 
of  opinion  that  many  have  failed  to  recognise  the  true 
influence  of  perfect  vegetation  as  favouring  the  ends  of 
the  brewer,  and  have  been  too  ready  to  sacrifice 
nitrogenous  bodies  in  determining  mere  appearance  of 
perfect  growth,  without  attainmg  the  actual  results 
of  it. 

It  would  be  useless  for  me  to  reiterate  arguments  in 
reference  to  this  matter,  since  readers  capable  of  work- 
ing a miniature  plant  could  easily  prove  to  their  own 
satisfaction  the  truthfuhiess  of  all  the  points  referred  to. 
This  miniature  plant  will  be  described  and  illusti’ated 
in  the  final  chapter,  while  the  figures  that  I have  given, 
showing  the  varying  analytical  composition  of  wort,  may 
be  taken  a,s  absolutely  correct,  and  as  evidencing  the 
immense  variations  in  nitrogenous  proportions,  existing 
in  cooler  wort,  that  malts  of  different  quality  are  capable 
of  yielding  when  infused  at  distinctive  temperatures. 
The  sum  total  of  my  contention  is  that  if  malting  were 
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properly  carried  out,  the  resulting  material  would  be 
perfectly  suited  for  use  in  the  brewer^s  ordinary  infu- 
sion mash  tun,  and  when  infused  with  liquor  at  the  high 
striking  heat  necessary  to  determine  a primary  initial  of 
150°,  would  still  yield  a sufficiency  of  yeast-forming 
nutriment,  and  so  put  an  end  to  one  of  the  greatest 
practical  difficulties  of  modern  brewing. 

I may  refer,  perhaps,  in  this  preliminary  chapter 
to  another  matter  in  reference  to  malt  that  is  of  equal 
importance,  since,  if  the  material  operated  upon  is  at 
all  defective  in  character,  it  invariably  yields  a very 
large  proportion  of  what  has  been  termed  intermediate 
or  inert  carbo-hydrate  matter.  In  a succeeding  chapter 
I shall  have  to  deal  with  the  subject  of  hot  circulation 
of  wort,  and  shall  then  show  that  by  circulating  wort 
at  any  very  high  temperature,  we  undoubtedly  com- 
mence to  attack  the  vitrified  portions  of  malt  starch, 
and  consequently  obtain  in  mash  wort  a larger  per- 
centage of  total  sugars  than  is  known  to  exist  under 
ordinary  circumstances,  this  normal  percentage  ranging, 
as  readers  probably  know,  to  about  per  cent,  of 
extract,  while  the  proportion  of  so-called  intermediate 
bodies  generally  runs  to  close  upon  10  per  cent.  If  hot 
circulation  of  wort  is  carried  on,  however,  it  will  be 
foimd  that  the  total  sugar  proportion  will  increase,  while 
there  will  be  a decrease  to  a slight  extent  in  nitrogenous 
matter  and  corresponding  diminution  in  the  proportion 
of  intermediate  carbo-hydrate  bodies. 

At  this  point  I may  ask  at  what  expense  ? The  reply 
is  obvious,  since,  if  circulating  wort  at  any  very  high 
temperature, — a temperature  sufficient  to  attack  the 
vitrified  starchy  matter  of  malt, — we  must  of  necessity 
destroy  at  the  same  time  those  active  principles  of  malt 
extract  that  the  brewer  relies  upon  for  effectmg  hydra- 
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tion  and  peptonisation  changes  during  the  mash  tun 
process.  Is  there  then  any  process  known  for  effectu- 
ally minimising  the  proportion  of  intermediate  bodies 
existing,  without  interfering  with  the  active  constituents 
of  malt  extract  as  a whole  ? This  question  is  suffi- 
ciently easy  to  answer,  since,  if  malt  is  perfectly  made, 
if  artificial  vegetation  has  coincided  closely  in  result 
with  that  attauied  by  natural  growth,  it  is  obvious  that 
the  greater  portion  of  malt  constituents  will  be  in  a 
condition  to  admit  of  their  ready  solution  and  hydra- 
tion ; but,  unfortunately,  even  with  the  best  of  material, 
artificial  growth  has  to  he  checked  long  before  complete 
modification  of  interior  constituents  in  the  dmection  of 
solubility  has  been  attained,  so,  although  the  proportion 
of  inert  matter  existing  in  a wort  obtained  from  high 
class  material  is  by  comparison  small,  it  nevertheless 
rmis  to  a percentage  of  seven,  or  even  a little  higher, 
while  in  worts  from  defective  material,  i.e.,  from  grain 
that  has  not  been  perfectly  grown,  the  proportion  some- 
times exceeds  even  10  or  12  per  cent.  Eeaders  vull 
thus  see  that  we  cannot  materially  reduce  the  pro- 
portion of  these  somewhat  worthless  constituents  of 
mash  wort,  even  by  selectmg  for  use  grain  of  the  most 
recommendable  quality. 

I come,  therefore,  to  a novel  process  that  has  not,  I 
think,  been  previously  referred  to  in  any  published  work 
— a process  that,  if  practised,  enables  the  brewer  to 
minimise  the  proportion  of  these  intermediate  matters 
by  at  least  50  or  60  per  cent. 

The  principle  of  working  turns  either  upon  re-kihiing 
malt  and  grinding  it  while  hot,  or  heating  the  grist  itself 
to  a high  temperature  by  means  of  hot  dry  air  some 
short  time  before  maldng  the  actual  mfusion,  one  in- 
fluence of  the  process  being  seen  in  the  diminished  pro- 
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portions  of  inert  matters  existing  in  resulting  worts.  It 
is  pretty  clear,  tliei’efore,  tliat  the  influence  of  re-kilning 
malt  or  heating  grist  is  to  modify,  in  the  direction  of 
greater  solubility,  certain  matters  of  vitrified  nature  that 
would  otherwise  resist  hydration  dm’ing  the  after  mash- 
ing process,  although  it  is  difficult  to  understand  why 
such  modification  did  not  result  when  the  grain  intact 
was  exposed  to  the  same  degree  of  heat  dm'ing  original 
kiln-drying. 

It  is  possible,  of  course,  that  the  paradoxical  result 
referred  to  may  hinge  upon  the  fact  that  stored  grain  is, 
practically  speakuig,  never  stationary  in  composition; 
its  constituents,  in  short,  are  continually  undergoing 
slow  change,  and  up  to  a certain  limit  of  time  desirable 
modification,  and,  as  a consequence  of  this  statement, 
it  is  probable  that  the  same  results  might  not  be  ob- 
tained when  heating  grist  prepared  from  perfectly  new 
material.  So  far,  my  own  experiments  have  been  made 
with  material  several  months  old,  in  which  a certain 
degree  of  modification  had  possibly  taken  place,  so  that, 
in  re-drying  the  malt  to  secure  the  hot  grist,  some 
change  in  character  of  vitrified  matter  was  obviously 
determined,  leading  to  a solubility  of  starchy  bodies 
that  would  not  otherwise  have  resulted,  with  consequent 
decrease  in  percentage  of  intermediate  carbo-hydrate 
matter  as  constituents  of  resulting  worts. 

This  particular  re-kilning  or  hot  grist  process  has 
indeed  other  mfiuences  besides  that  of  minimising  inter- 
mediate carbo-hydrate  proportions — influences  that  lead 
to  powerful  aroma  of  wort,  exceeding  brilliancy  of  same 
as  running  from  mash  tun,  far  more  satisfactory  fer- 
mentation results,  and  increased  yeast  reproduction.  It 
is  only  necessary  for  me  to  observe  that  when  mashing 
with  grist  that  has  been  raised  to  a very  high  tem- 
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perature,  it  naturally  follows  that  we  have  to  reduce  the 
heat  of  striking  liquor,  this  alone  having  immense  bear- 
ing upon  the  question  of  yeast  groAvth,  while,  in  order 
that  readers  may  have  some  knowledge  of  the  practical 
operation,  I may  remark  that  it  is  usual,  when  carrying 
out  this  system,  to  reduce  the  striking  heat  of  hquor  by 
about  10°  Fahr.,  that  is,  when  desiring  to  obtam  the 
ordinary  primary  initial  of  152°,  further  details  havuig 
appeared  in  the  Brewers'  Joimial  “ Occasional  Notes  ” 
and  my  recently  pubhshed  pamphlet. 

In  this  preliminary  chapter,  therefore,  I have  at- 
tempted in  very  brief  maimer  to  explain  how  malt  has 
deteriorated  in  one  particular  direction  during  the  last 
few  years,  and  the  steps  that  brewers  should  either  take 
themselves  or  insist  upon  maltsters  taking,  in  order 
to  render  the  material  supplied  capable  of  facihtating 
more  satisfactory  yeast  reproduction,  since  this  is  not 
only  of  importance  in  so  far  that  perfect  yeast  growth 
enables  the  brewer  to  purge  wort  satisfactorily,  but 
since  every  desirable  flavour  of  beer  turns  more  or  less 
upon  type  of  alcoholic  yeast  cultivated,  it  is  surely 
essential  that  brewers  should  attempt  to  reproduce  the 
more  recommendable  forms  of  alcoholic  yeast,  while  this 
can  only  be  accomplished  when  the  malt  employed  is  at 
all  times  of  thoroughly  good  quality. 

I hardly  know  of  any  subject  that  claims  more  careful 
attention  at  the  present  day  than  the  particular  one  in 
reference  to  malt  and  its  general  character,  while  I have 
attempted  to  show  how  this  desmable  character  may  be 
practically  ascertained  by  mashing  material  on  a small 
scale,  and  carefully  analysing  the  worts  arrived  at  by 
different  methods  of  procedure. 

I have  tried  also,  in  a preliminary  manner,  to  explain 
how  composition  of  wort  extract  may  be  modified  in  a 
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totally  different  direction,  by  re-kilning  malt  and 
securing  grist  at  a very  considerable  temperature  be- 
fore exposing  it  to  infusion  influences,  while  in 
succeeding  chapters  I shall  have  much  more  to  say 
upon  the  general  subject  of  variations  in  mashing 
process. 
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CHAPTEE  II 

MASHING  : THE  INFLUENCES  OP  THE  CONTINENTAL 

PROCESS — LIMITED  DECOCTION — HOT  CIRCULATION 
OF  WORT — HOT  AERATION  OP  WORT.' 

If  I may  describe  the  Continental  system  of  obtaining 
malt  extract,  in  a brief  sentence,  I may  refer  to  it  as  a 
method  hinging  upon  the  point  of  first  determining, 
under  the  influence  of  a low  infusion  temperature, 
the  full  extraction  of  all  of  those  soluble  albuminous 
matters  that  are  so  desirable  as  wort  constituents, 
and  secondly,  the  adoption  of  corrective  means  for 
eliminating  such  albuminous  matter  as  may  be  objec- 
tionable, or  alterable  in  type,  while  strictly  regulating 
at  the  same  time  the  transformation  products  of 
hydration,  namely,  maltose  and  dextrine. 

The  general  Continental  process,  indeed,  involves  the 
intermixture  of  grist  with  liquor  either  cold  or  at  a 
very  moderate  temperature,  this  deciding  the  solution 
of  the  more  readily  soluble  forms  of  albuminous  matter 
without  promoting  to  any  great  extent  hydration  re- 
sults. As  soon  as  intermixture  of  material  is  complete, 
the  German  brewer  slowly  raises  the  temperature  of 
mixture,  so  setting  in  motion  incipient  hydration, 
while  preventmg  complete  transformation  results  by 
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gradually  destroying  the  larger  proportion  of  diastatic 
agency,  this  being  accomplished  by  his  series  of  Dick 
and  Lauter  inaisches. 

Now,  if  this  practical  digestion  process  were  not 
carried  out,  what  chance  would  the  Continental  brewer 
have  of  successfully  fermenting  wort  at  the  low  tem- 
perature of  45°  to  48°  ? Is  it  not  clear  that  he 
determines,  in  the  first  instance,  fermentable  nature 
of  wort,  not  through  sugar  agency,  but  by  facilitating 
the  solution  from  malt  of  those  forms  of  nitrogenous 
matter  which,  becoming  peptonised  later  on,  directly 
determine  the  fermentability  of  wort  by  supplying  a 
sufficiency  of  yeast  food,  even  when  such  wort  is 
fermented  at  an  exceedingly  low  temperature  ? Does 
the  English  brewer  ever  think  of  this,  or,  if  giving  it 
some  shght  attention,  does  he  ever  carry  out  such  a pro- 
cess in  practice,  even  in  the  most  elementary  manner  ? 
No  ; his  general  process  centres  upon  a totally  different 
idea,  and  he  is  consequently  forced  to  determine  cha- 
racter of  extract  by  temperature  of  mashing  liquor,  this 
practically  savmg  him  the  trouble  of  carrying  out  any 
corrective  manipulation  at  all  during  mashing,  although 
it  does  not  enable  him  to  control  to  any  extent  the 
character  of  the  ordinary  transformation  products  of 
malt  extract,  which  are  frequently  decided  by  the 
imperfect  nature  of  the  malt  employed,  and  generally, 
I fear,  in  a very  detrimental  direction,  the  resulting 
worts  being  poverty  stricken  in  reference  to  dextrine 
and  desirable  types  of  albuminous  matter. 

I am  afraid  that  I shall  not  be  able  in  this  chapter  to 
advise  English  brewers  to  adopt  the  cold  system  of 
mashing  in  its  entirety,  or  to  explain  how  a ferment- 
able character  of  wort  through  the  presence  of  nitro- 
genous matter  can  be  brought  about  exceptmg  by 
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means  of  those  agencies  that  could  be  practised,  no 
doubt,  in  the  malt-house,  since  cold  water  mashing,  for 
instance,  in  the  case  of  English  breweries  would 
necessitate  the  erection  of  entirely  new  plant,  and  as 
this  would  completely  revolutionise  existing  opera- 
tions, and  prove,  moreover,  exceedingly  costly,  few 
readers  would  give  such  suggestion  a moment’s  con- 
sideration. 

My  object,  however,  will  be  to  show  that  by  carrying 
out  a modified  German  process  we  can,  at  any  rate, 
control  starch  transformation  results,  and  remove  many 
objectionable  and  otherwise  alterable  forms  of  albu- 
minous matters  existing  in  wort  at  the  present  day, 
assignable  in  main,  I think,  to  changes  in  character  of 
grain,  brought  about  by  the  adoption  of  methods  of 
agriculture  which,  while  facilitating  possible  increase  in 
weight  of  reproduced  grain,  have  not  determined  im- 
provement in  the  general  character  of  extract  yielded, 
but  rather  the  reverse. 

Most  readers  presumably  have  heard  of  limited 
decoction,  and  have  wondered,  perhaps,  why  the  term 
“limited”  was  employed  as  a prefix.  This  is  very 
easily  understood  if  we  remember  for  a moment  that 
Continental  brewers  submit,  practically  speaking,  the 
whole  of  their  mash  to  decoction  influences,  without, 
however,  destroying  every  portion  of  diastatic  matter, 
while  as  the  English  brewer  does  not  either  possess  the 
Continental  mashing  plant,  or  think  of  carrying  out 
preliminary  cold,  infusion,  he  is  driven,  as  I may  say, 
to  restrict,  or,  in  other  words,  to  “limit”  decoction 
influences,  and  thus  we  have  an  explanation  of  the 
qualifying  expression  “ limited”  attached  to  the  simple 
decoction  process  that  is  carried  out  by  certain  English 
brewers,  preferably,  as  I think,  in  plant  as  illustrated. 
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I may  as  well  remark  at  this  point  that  by  adopting 
any  mere  modification  of  the  infusion  system,  we  fall 
far  short  of  the  results  attained  in  German  decoction 
breweries,  since  the  particular  steps  we  take  in  revo- 
lutionising transformation  products,  in  so  far  as  maltose 
and  dextrine  percentages  are  concerned,  minimise  at  the 
same  time  the  proportion  of  peptonised  matter  existing, 
since  we  hmit  in  the  first  instance  its  formation  very 
seriously  through  the  agency  of  high  striking  heats 
and  prolonged  hot  infusion,  while  we  still  further  im- 
pede the  formation  of  peptones  by  either  submitting 
wort  to  hot  circulation,  or  a portion  of  the  entire  grist 
to  decoction.  On  the  other  hand,  if  we  are  not  alto- 
gether conservative  in  our  views  respecting  the  absolute 
necessity  of  yeast  reproduction,  if  it  is  possible  for  us 
to  obtain  a suitable  yeast  supply  from  outside  sources, 
it  may  be,  and  frequently  is,  indeed,  very  recommend- 
able  to  adopt  alternative  methods  of  mashing  that 
enable  us  to  produce  beers  of  greater  palate  fulness  or 
more  recommendable  clarifying  capacity  and  general 
cask  stability  at  the  expense  of  yeast  outcrops. 

It  would  not  be  difficult  to  prove  that  beers  containing 
sugars  of  good  type  evidence  a stability  not  attaching  to 
those  having  too  large  a proportion  of  actual  ferment- 
able matter  present ; but,  on  the  other  hand,  I must 
warn  readers  against  the  error  of  supposing  that 
stability  will  result  merely  through  deciding  the  pre- 
sence of  a non-fermentable  sugar  in  beer  on  com- 
pletion of  attenuation,  since  capacity  of  gradual  cask 
fermentation  is  an  actual  aid  to  stability,  a thin, 
clean,  flat  beer  invariably  acidifying  with  great  ease 
during  the  spring  and  summer  months.  This  state- 
ment then  clears  the  ground,  while  no  one  must 
conclude  for  a moment  that  by  merely  carrying 
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out  tlie  modified  systems  of  mashing  which  I am 
about  to  describe,  he  can  in  any  case  produce  worts 
so  rich  in  peptonised  forms  of  albuminous  matter  as  ^ | 
those  resulting  from  the  very  scientific  and  complex  I f 
process  of  the  Continental  lager  beer  brewer. 

Uor^ihSusion'  English  brewers,  therefore,  must  solve  the  yeast 
worts.  reproduction  question,  indeed,  by  evidencing  greater 

care  in  the  selection  of  barley,  and  the  more  perfect 
manipulation  of  same  during  its  artificial  vegetation, 
since  in  adopting  either  limited  decoction  or  definite 
hot  circulation  of  wort  as  a means  of  revolutionising 
general  character  of  extract  obtained,  they  decide,  no 
doubt,  at  the  same  moment  the  comparative  non- 
ferment-forming  capacity  of  the  albumens  existing  in 
resulting  wort. 

It  was  in  view  of  this  statement  that  I incidentally 
mentioned  that  such  novel  processes  appeal  with  greater 
force,  perhaps,  to  those  brewers  who  are  interested 
more  in  the  character  of  beer  produced  than  in  what 
may,  in  some  cases,  be  a necessary  reproduction  of 
yeast.  I am  perfectly  certain,  indeed,  that  no  such 
reproduction  is  possible  if  malt  of  inferior  quality  is 
used,  and  resultmg  material  or  wort  itself  be  submitted 
to  decoction  influences,  while,  on  the  other  hand,  if 
yeast  reproduction  is  a necessity,  readers  must  either 
abandon  the  combined  processes  spoken  of,  make  no 
attempt  to  put  them  in  operation,  or  otherwise  take 
care  that  the  malt  itself  decides  the  question  of  yeast 
reproduction  in  all  cases  when  a limited  proportion  of 
either  material  or  the  resulting  wort  is  to  be  submitted 
to  the  extreme  influences  covered  by  the  expression 
decoction. 

Of  course,  the  influence  of  such  manipulation  will 
vary  according  to  the  length  of  time  elapsing  between 
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the  intermixture  of  grain  and  the  application  of  those 
diigh  temperatures  to  material  or  wort  that  minimise 
diastatic  capacity,  and  lead  at  the  same  moment  to  a 
greater  solubility  of  starch.  Benefit  in  special  reference 
to  yeast-reproducing  tendency  may,  perhaps,  frequently 
result  from  making  a preliminary  cold  infusion  of  the 
decocted  portion  of  grist,  imitating  in  this  sense  the 
proceedings  of  the  Continental  brewer  in  the  case  of  his 
entu’e  mash. 

I have  stated  in  the  chapter  dealing  with  the  question 
of  malt,  that  the  ordinary  transformation  products  of 
malt  extract  met  with  in  English  infusion  breweries 
at  the  present  time,  contain  about  70  per  cent,  of  re- 
ducing sugars  and  12  or  13  per  cent,  of  dextrine,  while 
in  the  case  of  the  limited  decoction  worts  they  vary 
very  considerably  according  to  the  exact  method  of  de- 
coction carried  on,  or  the  class  of  material  that  is  dealt 
with.  For  instance,  if  we  carry  out  decoction  in  the 
mashing  vessel  itself,  we  destroy  far  more  diastase  under 
the  influence  of  raw  steam  heat  than  when  practismg 
the  process  on  limited  lines  in  plant  specially  designed 
for  this  purpose,  and  duly  illustrated  in  detail.  Under 
such  circumstances — that  is,  when  practised  in  the 
mash  tun — the  decoction  process  may  lead  to  vast  in- 
crease in  dextrine  percentage,  while,  as  carried  out  to 
a limited  extent  in  the  special  plant  spoken  of,  it  does 
not  of  necessity  lead  ■ to  any  very  definite  increase  in 
dextrine  percentage,  but  to  the  presence  in  the  wort 
of  a larger  portion  of  intermediate  carbo-hydrate  bodies, 
and  astringent  matters  as  dissolved  from  grain,  matters 
that  are  resinous  in  their  nature — a point  that  has  a 
great  deal  to  do  with  the  more  speedy  clarification 
of  resulting  worts  and  beers. 

Now  the  question  as  to  whether  such  limited  process 
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of  decoction  determines  increase  in  dextrine  percentage 
or  no,  turns  very  much  upon  the  class  of  material 
employed,  since  if  the  whole  bulk  of  malt  mashed  is 
poor  in  quality,  consequently  possessing  but  low 
diastatic  activity,  diminution  in  diastatic  matter,  to  a 
serious  extent,  will  result  from  the  adoption  of  the 
limited  decoction  process,  so  that  hydration  results 
would  not  as  a consequence  be  very  advanced.  On  the 
other  hand,  if  material  is  good  and  highly  diastatic, 
the  mere  destruction  of  25  per  cent,  of  the  total 
diastatic  matter  would  not  seriously  interfere  with 
the  hydrating  capacity  of  the  75  per  cent,  of  material  || 
merely  submitted  to  infusion,  while,  as  the  starch  of 
the  decocted  portion  would  be  much  more  soluble  and  H 

n i 

readily  modified,  the  hydration  products  might  in  this 
case  be  more  extreme,  and  final  extract  become  more 
definitely  saccharine. 

Brewers,  therefore,  carrying  out  the  decoction  process 
in  the  mash  tun  itself,  and  practically  submitting  75  per 
cent,  of  the  material  to  decoction  influences,  secm’e  large 
increase  in  dextrine  proportion,  although,  generally 
speaking,  a coarser  khid  of  extract,  while  those  prac- 
tising the  process  in  special  plant  do  not,  as  a rule, 
find  large  increase  in  dextrine  percentage  as  a result 
of  the  proceedings,  but,  nevertheless,  produce  beers  of 
more  excellent  quality,  rapid  clarifying  tendency,  and 
greater  stability  during  storage. 

Such,  then,  are  the  differences  between  the  various 
systems  of  decoction  practised  in  England  and  abroad. 

The  German  method  involves,  as  I have  said,  cold  i 
infusion,  complete  decoction  of  material,  and  corre-  [ 
spending  decoction  of  wort,  fermentability  of  wort  | 
being  determined  through  the  presence  of  a large  ex- 
cess of  peptonised  forms  of  nitrogenous  matter,  result-  | 
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iiig  from  prolonged  cold  infrision,  liiglily  dextrinous 
cliaracter  of  wort  as  due  to  complete  decoction,  distinct 
clarifying  tendency  of  beer  running  in  connection  with 
the  Lauter  maiscbe  process,  while,  as  a combined  result 
of  the  entire  method,  the  Continental  operator  secm*es 
weak  beers,  capable  of  carrying  persistent  creamy  heads, 
not  necessarily  due  to  the  presence  of  any  excessive 
proportion  of  dextrine,  but  to  the  existence  in  the 
fluid  of  very  definite  quantities  and  types  of  soluble 
peptonised  susbtances,  that  possess  a marvellous  in- 
fluence in  determining  a distinctive  viscidity  of  fluids 
in  which  they  exist.  Following  this  extreme  system  of 
decoction,  we  have  the  modified  processes  common 
in  some  English  breweries,  decoction  being  either  car- 
ried on  in  the  mash  tun  itself,  or,  to  a limited  extent, 
in  distinct  plant,  with  results  varying  accordingly. 

I come  now  to  the  process  of  hot  circulation  of  wort, 
which  is  entirely  distinct,  and  corresponds  more  or 
less  to  the  Lauter  maische  process  of  the  Continental 
brewer.  The  prmciple  involved  in  the  hot  circulation 
method  turns  upon  the  fact,  that  hy  commencing  the 
circulation  of  mash  wort  at  the  end  of  a limited  period, 
before  hydration  has  proceeded  to  full  extent,  we  can 
decide  the  absolute  destruction  of  all  diastatic  matter 
in  the  portion  of  wort  circulated,  while  if  the  wort  is 
re-sparged  on  to  goods  at  any  very  high  temperature, 
portions  of  vitrified  starch  become  dissolved,  total  sugars 
and  dry  extract  are  increased,  and  the  transformation 
products  become  much  more  dextrinous  in  nature,  the 
diastatic  bodies  existing  in  mash-tun  wort  being 
rendered  inactive  mider  the  influence  of  the  extreme 
heat  applied  during  cfrculation. 

The  German  brewer  practically  carries  out  the  same 
process,  although  for  a somewhat  different  purpose. 
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when  circulating  wort  (Lauter  maische)  on  completion 
of  decoction,  since  this  circulation  does  not  lead  so 
much  to  increase  in  dextrine  proportion  as  to  the 
greater  purification  of  malt  wort  so  treated.  So  much, 
however,  will  have  to  be  said  upon  this  particular 
matter  later  on,  that  it  will,  perhaps,  be  well  for  me 
to  proceed  at  once  to  a practical  description  not  only 
Masiiing  plant,  of  the  Several  forms  of  mashing  plant  illustrated,  but 
to  the  means  of  worldng  same  to  the  best  advantage. 

I think  that  I have  been  sufficiently  explicit  in 
showing  the  exact  difference  between  decoction  carried 
out  in  the  ordinary  infusion  mash  tmi,  and  the  pro- 
cess practised  in  distinct  plant,  which  I am  most 
Special  decoction  auxious  to  describe  as  plant  that  can  be  used  for  a 

V6S801  * 

variety  of  purposes.  For  instance,  there  are  many 
brewers  who  occasionally  wish  to  produce  a small 
quantity  of  some  special  beer,  while  they  recognise 
the  inadvisability  of  mashing  a small  proportion  of 
malt  in  a large  mash  tun.  If,  therefore,  the  25  to  30 
per  cent,  limited  decoction  plant  be  fitted . with  an 
ordinary  copper  false  bottom  and  sparge  arrangement, 
it  will  be  apparent  surely  how  this  limited  plant  can 
be  recommendably  used  when  producing  special  beers 
in  small  quantity. 

Again,  as  many  brewers  at  the  present  time  carry  out 
sugar  inversion  and  blending  operations  with  hquor, 
this  limited  decoction  plant,  placed  at  high  level, 
answers  admirably  for  both  purposes,  so  long  as  all  the 
interior  fittings  are  of  gun  metal  or  copper.  Take, 
Sugai'  inversion,  for  instance,  the  case  of  sugar  inversion  : The  motive 
power,  consisting  of  screw  propellers,  answers  well  for 
determinmg  that  constant  intermixture  of  dilute  syrup 
which  is  always  advisable,  not  only  when  the  sugar  is 
first  dissolving,  but  on  the  neutralisation  of  the  acid 


FIg.l 


I 

3' 

\ 

y 

J 

( 

I 


i 


■I 


Ink-photo,  sprague  * c«  iohoon. 


LIMITED  DECOCTION  PLANT. 


A.  Elevator.  B.  External  Mixing  Machine.  C.  Decoction  Vessel.  D.  Connecting  Pipes  to  Mash  Tun. 
E.  Machinery  Driving  Interior  Screw  Propellers. 
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employed  for  determining  hydration  of  cane  sugar  to 
invert.  Or  take  the  case  of  blending  liquor,  which 
requires  some  little  treatment  with  acid  to  convert 
all  calcic  or  magnesic  carbonates  into  corresponding 
sulphites  or  sulphates.  The  same  vessel  answers  for 
the  preparation  of  such  liquor,  since  by  constant  use 
all  flavouring  matter  has  been  withdrawn  from  the 
pores  of  the  timber,  while  the  motive  power  spoken 
of  enables  us  to  readily  intermix  the  small  proportion 
of  acid  required  with  the  liquor  midergoing  treatment. 
I am  able  to  say,  therefore,  that  such  exterior  plant  is 
very  serviceable  in  a number  of  ways,  and  cannot  in 
any  sense  be  regarded  as  merely  available  for  decoction 
purposes. 

In  the  next  place,  it  becomes  necessary  for  me  to 
carefuUy  explain  the  limited  decoction  process,  as 
carried  out  in  the  plant  illustrated  so  fully,  and  while 
doing  so  I shall  endeavour  to  keep  this  part  of  my 
subject  perfectly  distinct  from  that  of  multitubular  hot 
circulation  of  wort,  which  determines,  as  I have  said, 
very  different  results. 

From  one  point  of  view,  all  inferior  grain  should  be 
submitted  to  decoction  influences,  but  my  own  special 
idea  is  that  if  carryhig  on  this  process  with  the  desire 
of  determining  the  best  possible  results,  it  is  always 
advisable  to  employ  material  of  fine  character,  since 
decoction  heats  are  very  apt  to  extract  from  malt  of  de- 
fective type  objectionable  flavouring  matters,  which  may 
communicate  a distinctive  foreign  flavour  to  our  high 
fermented  beers.  This  particular  point  concerning  tem- 
perature of  fermentation  must  not  be  overlooked  when 
comparing  English  decoction  results  with  those  attained 
in  Continental  plants,  and  in  one  or  two  English  lager 
beer  breweries. 
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We  have  next  to  consider  the  question  of  temperature- 
at  which  we  should  commence  decoction,  the  influence 
of  mashing  periods,  bearing  of  prolonged  high  tem- 
peratiu’es,  and  lastly  decide  upon  the  after-method  of 
intermixtm’e  and  general  management  of  the  entire 
mash  made.  I confess  that  I have  been  somewhat 
disappointed  with  the  results  of  attempting  preliminary 
cold  infusion,  since  English  malt,  or  the  Enghsh  system 
of  fermentation,  does  not  altogether  seem  to  be  in  unison 
with  the  process  that  is  so  undeniably  successful  abroad ; 
while  I have  experienced  personally,  over  and  over  again, 
preferable  results  by  mtermixing  the  decoction  portion 
of  grist  with  liquor  at  a temperature  of  about  165°,  and 
my  readers  may,  indeed,  take  this  as  an  enthely  suit- 
able initial  heat  for  liquor  in  decoction  mashing. 

In  reference  to  period  of  time  during  which  prehmi- 
nary  mixture  stands,  I have  to  make  a statement  of 
considerable  moment.  Looking  at  the  question  in  a 
merely  theoretical  sense,  we  might  presume  that  it 
would  be  advisable  to  rapidly  raise  the  heat  of  mixture 
in  decoction  vessel  to  a degree  that  would  destroy  all 
diastase,  gelatinise  and  dissolve  the  greater  portion  of 
starchy  matter.  I can  only  say  that  I have  not  per- 
sonally found  this  to  be  the  case  in  practice  ; in  short, 
it  seems  to  me  absolutely  necessary  to  leave  the  inter- 
mixtm’e  for  quite  thirty  minutes  before  attempting  to- 
raise  the  heat  rapidly  to  the  limit  of  gelatinisation, 
which  is  distinctly  short  of  the  actual  boiling  point. 
It  will  be  clear,  of  course,  that  this  necessary  period  of 
quiescence  is  sometimes  accidentally  determined  by  the 
slow  intermixture  of  material  as  due  to  the  large 
quantity  of  malt  being  dealt  with,  so  that  in  this  case  it 
might  be  possible  to  raise  the  temperature  of  inter- 
mixture very  much  sooner  or  more  rapidly,  since  the 
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greater  portion  of  it  would  have  existed  in  a state  of 
quiescence  for  some  considerable  time.  The  sum  total 
of  this  argument  is  that  period  of  quiescence  on  first 
intermixture  of  a decoction  mash  is  a point  worthy  of 
notice,  in  fact  we  should  in  all  cases  allow  an  interval  of 
twenty  or  thirty  minutes  to  elapse  before  blowing  in 
naked  steam  in  order  to  rmi  up  the  heat. 

There  is,  of  necessity,  a vast  difference  again  between 
the  influence  of  naked  steam  and  that  of  steam  in- 
directly applied,  the  steam  that  is  actually  condensed 
in  decocted  mash  being  much  more  destructive  to  dias- 
tase, and,  generally  speaking,  more  extractive  in  its  in- 
fluence in  reference  to  flavouring  matters,  as  well  as 
total  extract,  than  similar  steam  applied  at  same  pres- 
sure through  the  agency  of  jacket  or  coil,  and  it  is  for 
this  reason  that  I prefer  a vessel  as  illustrated,  in  place 
of  one  of  metal  fitted  with  a steam  jacket,  while  brewers 
adopting  the  metal  vessel  and  jacket  arrangement  would 
always  do  well  to  supplement  the  heating  agency  by  the 
introduction  of  raw  or  naked  steam,  taking  care,  of 
course,  that  all  steam  so  used  is  obtained  from  boilers 
fed  with  water  of  fair  purity,  and  not  artificially  treated 
in  any  way.  I need  not  at  the  moment  refer  to  this 
subject  in  greater  detail,  smce  it  will  naturally  come 
up  for  discussion  in  the  chapter  that  I am  devoting 
to  boiling  operations  ; I must,  however,  impress  upon 
readers  the  absolute  necessity  of  employing  naked 
steam,  either  partially  or  entirely,  when  carrying  out 
the  decoction  mash,  since  it  will  be  remembered  that  we 
only  submit  some  25  or  30  per  cent,  of  raw  material  to 
decoction  influences,  and  not  the  whole  of  the  mash 
that  we  are  eventually  dealing  with. 

On  the  expiration  of  the  fixed  period  of  quiescence 
mentioned,  it  matters  little  how  rapidly  the  heat  of 
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mixture  is  raised ; although  theoretically,  of  course, 
general  perfection  in  results  would  correspond  with 
rapid  rise  of  temperature  as  minimising  possible 
hydration. 

We  have  next  to  decide  as  to  the  final  heat  of  the 
decocted  portion  of  mash,  some  writers  advocating  actual 
ebullition,  others  a lower  temperature  for  a longer 
period  of  time.  Now,  if  distinct  ebullition  is  practised, 
it  must,  of  necessity,  lead  to  extreme  disintegration 
of  material,  rendering  the  decoction  mash  exceedingly 
sloppy,  while  we  obtain  from  the  husk  of  malt  a far 
more  prominent  flavour,  so  that  eventual  beer  possesses 
a decided  foreign,  if  not  a distmctly  objectionable  taste. 

The  comparative  palate  delicacy  of  a Continental 
lager  beer  depends  mainly  upon  the  point  that  German 
brewers  do  not  use  naked  steam  in  carrying  out  their 
complete  as  distinct  from  our  “hmited”  decoction 
process,  nor  do  they  ferment  the  eventual  worts,  either 
rapidly  or  at  any  high  temperature.  No  practical 
brewer,  I suppose,  will  fail  to  recognise  the  influence 
of  high  temperature  of  fermentation  as  determirung 
increase  in  normal  flavour  of  the  original  wort  fer- 
mented, since  if  the  beer  or  wort  flavour  is  in  any 
sense  crude  and  objectionable  to  begin  with,  it  becomes 
magnifled  exceedingly  during  after-fermentation. 

I prefer,  therefore,  that  the  decocted  portion  of  gram 
should  be  raised  only  to  about  200°  or  205°,  and  kept  at 
that  heat  for  about  fifteen  minutes  before  being  lowered 
to  the  mashing  or  final  mtermixtm'e  temperature  of  about 
162°,  while  I believe  this  view  of  the  subject  is  entirely 
confirmed  by  the  proceedings  of  those  English  brewers 
who  are  at  the  present  time  practising  the  decoction 
process,  even  to  the  limited  extent  specified. 

These  preliminary  proceedings  occupy  about  one  hour 
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or  one  hour  and  a half,  and  lengthen  the  brewing-day 
consequently  by  that  period,  so  that  it  may  not  be  diffi-  decoction, 
cult  to  understand  why  so  many  working  brewers 
strongly  object  to  the  adoption  of  a process  which 
necessitates  longer  hours  of  working,  or  greater  per- 
sonal supervision. 

By  glancing  at  the  illustrations,  readers  will  note 
that  the  proportion  of  grain  reserved  for  decoction  is 
carried  by  elevators  from  the  ordinary  mill  or  grist  case 
to  the  decoction  bin  or  grist  case  commanding  the  vessel 
below,  intermixture  being  made  through  a very  simple 
form  of  horizontal  mixing  machine,  taldng  up  but 
httle  room,  and  connected  to  a distinct  liquor  supply 
with  all  the  usual  fittings,  gauges,  check-thermometers, 
and  appliances  for  controlling  temperature  of  mashing 
liquor. 

The  final  or  complete  mash  is  a very  practical  pro- 
cess,  the  decocted  material  being  much  more  easily  Xshtoi!“ 
dealt  with  than  raw  gram,  although  in  the  case  of  a 
simple  decoction  mash  it  is  advisable  to  prevent  the 
decocted  portion  impinging  too  heavily  upon  goods  when 
entering  the  mash  tun,  a splashing  hoard  being  sus- 
pended below  lip  of  mashing  machine,  to  break  as 
perfectly  as  possible  the  fall  of  decoction  mash  when 
entering  the  infusion  vessel  itself. 

The  decocted  portion— very  liquid,  of  course,  on  ac- 
count of  gelatinisation,  solution,  partial  hydration  of 
starch,  and  final  dilution — when  cooled  down  to  mash- 
ing temperature,  is  used  practically  as  mashhig  liquor, 
not  entirely  taking  the  place  of  liquor,  however,  but 
only  to  a certain  extent.  When  starting  the  complete 
mash,  the  working  brewer  commences  intermixture  of 
malt  with  liquor,  while,  on  having  a depth  of  twelve  or 
fom’teen  inches  of  entire  malt  mash  on  the  plates  of 
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masli  tun,  lie  merely  turns  on  the  dilute  decoction 
mash,  minimising  at  the  same  moment  the  proportion 
of  liquor  previously  used  for  mtermixture,  finally  taldiig 
care  to  complete  the  intermixtm'e  of  decoction  mash 
prior  to  that  of  malt  itself.  The  process,  indeed, 
is  very  similar  to  that  carried  out  when  raw  grain 
first  came  into  use,  but  is  far  more  simple  in  detail. 
While  free  from  many  of  the  difficulties  attending 
raw  grain  brewing,  on  account  of  the  relative  buoy- 
ancy of  decocted  malt  as  compared  with  extreme 
gravity  of  similar  decocted  raw  grain,  success  never- 
theless in  making  the  complete  mash  depends  very 
much  upon  the  skill  of  the  individual  brewer,  as  well 
as  upon  the  necessary  degree  of  dilution  in  the  case 
of  the  decocted  portion  itself.  If  properly  carried  out 
fi’om  first  to  last,  taps  may  he  set  at  the  usual  period,, 
and  the  wort  will  run  off  perfectly  brilliant,  while 
no  difficulty  will  be  experienced  in  obtaining  the  full 
available  extract,  which,  generally  spealdng,  is  indeed 
a little  higher,  perhaps,  than  when  dealing  -with  similar 
malt  upon  ordinary  infusion  lines. 

Some  readers  might  wonder,  perhaps,  why  a largely 
increased  extract  percentage  should  not  result  from  the 
process  described.  This  is  sufficiently  easy  to  explain, 
smce,  while  we  gain  in  character  of  extract  by  obtain- 
ing probably  more  starch  and  the  hydrated  products 
thereof  in  solution,  every  step  taken  in  the  direction 
of  decoction  must  of  necessity  render  material  more 
sloppy  and  retentive,  so  that  many  of  the  lower  forms  of 
viscid  malt  extract  are  not  so  readily  extracted  by 
sparging  as  under  other  circumstances.  It  may  be  said, 
indeed,  that  by  means  of  decoction  we  gam  in  quality 
of  extract  without  appreciable  increase  in  quantity, 
while  in  some  instances  slight  loss  is  experienced  on 
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account  of  deficient  drainage  area  or  an  imperfect  inter- 
' mixture  of  decocted  portion  of  grain. 

How  can  I sum  up  the  results  of  the  process  ? To 
begin  with,  I have  explained  that  it  does  not  always 
result  in  definite  increase  in  dextrine  percentage;  it 
may  or  may  not  do  so,  according  to  character  of  malt 
dealt  with,  and  variation  in  the  conditions  of  decoc- 
tion lines  specified,  hut  in  any  case  we  have  increased 
brilliancy  of  wort,  while  beer  exhibits  a definite  altera- 
tion in  palate  character,  undeniable  increase  in  body, 
and  a well  understood  improvement  in  general  stability. 
In  other  words,  the  process  is  thoroughly  successful  in 
practice,  and  sooner  or  later  will  prove,  as  I believe,  a 
stepping-stone  to  the  adoption  of  the  German  method 
of  worldng — sooner,  if  Parliamentary  steps  are  taken 
interfering  in  any  way  with  so-called  “vested  interests ; ” 
later,  if  the  breydng  industry  is  allowed  to  remam,  as  in 
many  cases  it  undeniably  is,  an  unjustifiable,  and  in  no 
sense  recommendable  monopoly. 

Space  will  not  admit  of  my  referring  in  any  greater 
detail  to  this  very  interesting  process,  and  I trust 
that  I have  been  fair  in  specifying  that  the  decoction 
operation,  as  carried  out  m the  mash  tun  itself,  may 
in  certain  cases  prove  preferable  in  result  to  the 
process  described,  since  no  great  expenditure  is  re- 
quired for  plant  alterations,  while,  as  a result  of  the 
method  of  working  adopted,  a more  dextrinous  beer 
is  obtained,  although,  as  I must  contend,  a fluid  of 
coarser  quality.  Besides  this,  it  will  be  clear  that 
brewers  carrying  out  this  mash  tun  process  fail  to  have 
the  advantages  of  a smaller  mashing  plant,  which  may 
prove  exceedmgly  useful  in  the  several  ways  mentioned ; 
and  although  I may  suppose  that  a certain  rivalry  exists 
between  the  two  working  methods  and  their  respective 


Results  of  de- 
coction mashing’ 
summarised. 


302 


APPENDIX. 


Hot  circulation 
of  wort. 


The  German 
Lauter  maische 


Circulation  with 
steam. 


advocates,  it  certainly  ought  not  to  be  an  unfriendly 
rivalry  in  view  of  the  varying  results  aimed  at. 

The  second  process,  carried  out,  as  I have  said,  with 
the  idea  of  completely  revolutionising  the  ordinary 
transformation  results  of  starch  hydration,  is  in  no 
sense  entirely  novel,  since  English  brewers,  within  my 
own  knowledge,  have  frequently  used  raw  steam  as  a 
means  of  bringuig  up  the'  temperatime  of  a mash,  while 
others  have  rapidly  boiled  the  mash  tun  wort  as  passing 
to  copper,  or  have  set  tap  after  a very  limited  period  of 
standing,  again  returning  a certain  portion  of  this 
drawn-otf  wort,  after  boiling,  to  the  mash.  German 
brewers  also,  for  a number  of  years,  have  carried  out 
their  Lauter  maische  proceedings,  this  being  mdeed 
the  step  generally  taken  on  completion  of  decoction. 
On  the  other  hand,  I contend  that  in  working  hot  circu- 
lation of  wort,  as  I shall  directly  describe  the  process, 
hydration  results  are  uniform  and  distinctive,  whereas, 
in  carrying  out  destruction  of  diastase  and  peptonising 
agencies  by  other  means,  nearly  everything  depends 
upon  the  length  of  time  elapsing  between  the  moment 
when  the  wort  leaves  the  goods  and  the  moment  when 
its  temperature  is  raised  to  a point  destructive  to  the 
active  nitrogenous  matters  existing  in  solution.  Let  me 
make  myself,  however,  a little  more  clear.  If  we  blow 
steam  into  a mash  to  destroy  diastatic  matter,  the  period 
of  destruction  will  depend,  not  only  upon  the  pres- 
sure under  which  the  steam  employed  exists,  but  also 
upon  the  ease  with  which  the  steam  vesicles  make 
their  way  through  bed  of  goods,  and,  as  a result  of 
possible  irregularity,  we  have  variation  in  transforma- 
tion results.  The  same  assertion  applies  when  steam 
is  used  for  effecting  circulation  of  wort,  much  and  I 
use  the  word  in  wide  sense— -depending  upon  the  steam 
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pressure,  while  if  the  flow  of  wort  is  rapid,  the  tem- 
perature of  wort  uever  rises  to  any  very  high  point, 
the  amount  of  steam  employed  being  proportionately 
small,  whereas  if  excess  of  steam  be  used,  the  circulat- 
ing wort  might  soon  boil. 

Again,  when  carrying  out  Crockford’s  original  pro- 
cess of  wort  circulation,  or  any  modiflcation  of  same, 
much  delay  occm's  between  the  time  when  the  wort 
leaves  the  mash  and  when  finally  arriving  at  a tempera- 
ture destructive  to  diastatic  energy,  rapid  hydration 
seeming  to  result  during  periods  of  delay  through 
contact  of  wort  with  air,  the  action  of  a definite 
hydrating  temperature,  and  as  aided  by  distinct  agita- 
tion while  passing  to  the  heating  tank,  which  is  gene- 
rally placed  over  the  mash  tun  itself. 

I claim,  therefore,  that  in  circulating  wort  by  means 
of  some  simple  form  of  pump  drawing  its  supply  from 
the  bottom  of  the  mash  tun  direct,  and  steadily  throw- 
ing such  wort  through  multitubular  heater,  hydration 
results  are  not  only  absolutely  regular,  but  the  brewer 
can  determine  with  the  greatest  accuracy  any  particular 
dextrine  percentage  that  he  thinks  most  desirable. 

Analyses  of  Samples  of  Wort,  showing  the  Effect 
OF  Circulation  at  High  Temperatures  during 
Mashing  on  the  Dextrine  Percentages  of  Wort. 


Spec. 

Gray. 

of 

Wort. 

100  pai-ts  of  Wort 
contain 

100  parts  of  Extract 
contain 

Ratio 

of 

Maltose 

to 

Dextrine. 

Ex- 

tract. 

Malt- 

ose. 

Dex- 

ti-ine. 

Malt- 

ose. 

Dex- 

trine. 

Albu- 

men, 

Ash, 

Inert 

Matter. 

1. 

1090-28 

23-47 

15-89 

3-74 

67-70 

16-91 

16-39 

100:  22 

n. 

1100-0 

26-00 

16-44 

6-12 

63-23 

19-70 

17-07 

100:31-1 

in. 

1095-0 

24-70 

15-10 

6-35 

61-13 

21-65 

17-22 

100 : 36-4 

rv. 

1095-0 

24-70 

14-95 

5-87 

60-60 

23-78 

15-62 

100 : 39 

V. 

110.3-6 

26-89 

16-74 

6-48 

58-53 

24-11 

17-36 

100 : 41 

Crockford’s  pro 
cesa. 


Multitubular 

heater. 
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I cannot  do  better  than  ask  my  readers  to  study  care- 
fully the  foregoing  tabular  statement,  showing  dextrine 
proportions  in  worts  arrived  at  by  the  use  of  this  very 
simple  multitubular  plant,  making  only  the  comment 
that  any  number  of  similar  results  obtained  at  different 
breweries  might  be  given,  although  it  is  necessary  to 
explain,  perhaps,  the  variation  apparent  in  them,  much 
depending,  as  I have  said,  upon  the  exact  temperature 
and  duration  of  wort  circulation  itself,  while  character 
of  grain  dealt  with  constitutes  also  an  important 
factor. 

For  instance,  if  we  circulate  wort  at  185°— a tem- 
perature absolutely  destructive  to  diastase  and  peptase — 
we  do  not  effect  any  pronounced  gelatinisation  or  solu- 
tion of  the  vitrified  starch  of  malt,  and  our  extract 
will  contain  the  normal  82J  per  cent,  of  total  sugars, 
while,  on  the  other  hand,  if  we  carry  on  circulation 
for  a prolonged  period  at  195°  to  200°,  we  can  see  the 
influence  of  this,  not  only  in  a definitely  increased 
dextrine  proportion,  but  also  in  a larger  yield  of 
total  sugars.  This  fact  will  be  noticed  if  my  readers 
will  glance  at  the  tabular  statement  referred  to,  and 
make  a mental  addition  of  the  maltose  and  dextrine 
percentages  indicated  ; they  will  find  that  in  some  cases 
they  amount  to  more  than  82|  per  cent.,  this  being,  as 
they  will  remember,  the  normal  proportion  of  combined 
sugars  in  all  simple  infusion  wort  extracts. 

It  will,  I think,  be  now  quite  apparent  that  the 
results  of  hot  circulation  depend  in  main  upon  the 
following  crucial  points  : — 

First,  the  stage  in  the  mashing  operations  at  which 
we  commence  the  circulation  process  ; second,  the  tem- 
perature of  circulating  wort ; and,  third,  the  length  of 
time  during  which  we  carry  on  such  circulation.  The 
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class  of  malt  dealt  with  and  striking  liquor  heats  wiU 
.also  have  an  influence  as  deciding  the  primary  transfor- 
mation results,  so  that,  on  setting  tap  at  the  end  of 
forty-five  minutes  or  one  hour,  the  wort  we  intend 
circulating  may  have  a totally  different  composition  in 
■one  case  as  compared  with  that  in  another,  and  I must 
therefore  supplement  this  statement  by  saying  that  it 
does  not  always  follow  that  hot  circulation  will  deter- 
mine a distinct  increase  of  from  10  to  15  per  cent,  in 
dextrine  proportion,  the  • percentage  previously  obtained 
by  mere  infusion  influencing  to  a greater  or  less  extent 
the  final  result. 

As  a general  rule,  however,  the  influences  of  hot 
circulation  are  seen  to  prove  the  correctness  of  my 
statements,  the  process  equalising  hydration  results, 
leading  to  greater  dextrine  formation  in  the  case  of 
worts  prepared  from  defective  malt  than  would  other- 
wise be  the  case,  while  in  all  instances  we  can  greatly 
increase  even  the  highest  dextrine  proportion  attained 
when  dealing  with  malt  of  fine  quality,  and  striking 
it  with  liquor  at  a temperature  that  would  not  be 
possible — nay,  would  be  absolutely  dangerous — when 
dealing  with  material  of  inferior  or  even  passable 
quality. 

If  readers  have  understood  my  general  comments  Effect  of  circu- 

_ . latioa  on  pep- 

so  far,  they  will  easily  miderstand  the  criticism  that  tase. 
can  be  passed  on  the  process  itself,  since  an  ordinary 
scientist  would  say.  What  becomes  of  the  peptase  while 
practising  this  very  ingenious  method  of  determining 
reliable  or  requisite  dextrine  proportion  ? I must 
confess,  of  course,  that  in  destroying  diastase  we 
should  also  put  an  end  to  the  existence  of  the  pep- 
tonising  type  of  nitrogenous  matter  in  circulating  w^ort, 
but,  as  I before  stated,  there  are  many  brewers  employ- 
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ing  defective  material  who  find  it  preferable  to  regulate 
dextrine  proportions  in  wort  extract — even  if  the 
process  carried  out  for  determining  this  necessitates 
frequent  yeast  changes — than  to  study  yeast  repro- 
duction at  the  expense  of  the  palate  character  that 
dextrine  is  capable  of  determining,  while  I have  care- 
fully shown  that  if  we  recognise  the  true  influence 
of  the  German  decoction  process,  we  can  devise  a 
means,  perhaps,  of  determining  recommendable  re- 
production of  yeast,  while  still  carrying  out  om-  hot 
circulation  of  wort  as  a means  of  regulating  starch 
transformation  results.  I can  state,  indeed,  as  an 
absolute  fact,  that  it  is  perfectly  possible  for  a brewer 
working  the  hot  circulation  process  to  raise  the  initial 
heat  of  goods  by  at  least  sixteen  or  eighteen  degrees, 
this  being  accomplished,  be  it  observed,  without  any 
dilution  of  malt  extract. 

As  a necessary  consequence  of  this  statement,  it  is 
perfectly  reasonable  for  a brewer  practising  the  process 
to  obtain  first  of  all  a preliminary  infusion  heat  of  140’, 
or  even  lower  still,  this  deciding  extreme  solubility 
and  extended  activity  of  nitrogenous  matter  in  the 
direction  of  very  definite  peptonised  condition  of  same, 
if  we  can  only  leave  such  mash  standing  for  a period 
of  forty-five  minutes  or  one  hour  before  eventually 
bringing  up  the  heat  to  158°,  or  even  higher,  by 
the  aid  of  circulating  wort. 

There  is,  I may  say,  nothing  very  peculiar  in  the 
construction  and  action  of  a multitubular  circulating 
heater,  since  it  is  similar  in  every  way  to  the  steam 
boilers  ^with  similar  prefix,  i.e.,  it  constitutes  a cylin- 
drical arrangement  in  which  we  secm’e  the  greatest 
possible  heating  area,  so  that,  withm  the  compass  of 
a small  multitubular  cylinder,  we  can  bring  up  the 
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MASH  TUN  MULTITUBULAR  CIRCULATING  PLANT, 
i.  Combination  Pump.  B.  Multltubular  Heating  Cylinder.  C.  Multitubular  Cooling  Cylinder. 
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temperatiu’e  of  a considerable  body  of  wort  very  rapidly, 
so  long  as  our  steam  heat,  as  determined  both  by  boiler 
pressure  and  the  volume  of  steam  passing  through  the 
heater  itself,  is  sufficiently  intense. 

Again,  direct  pump  connection  to  mash  tun  is  a Pumps  for  cir- 

° ^ . culating. 

matter  of  considerable  moment,  although  any  definite 
suction  must  be  prevented  by  the  erection  of  a simple 
stand-pipe.  Wort  so  pumped  flows  steadily  (without 
any  intermixture  of  air  acting  as  a cushion),  the  pump 
driving  the  wort  effectually — that  is,  causmg  it  to 
perfectly  fill  the  tubes  of  heater.  If  brewers,  on  the 
other  hand,  employ  ordinary  pumps  and  suck  wort 
from  the  underback,  and  throw  such  wort  through 
a multitubular  heater,  they  are  invariably  disappointed 
in  results,  since  the  heating  agency  at  once  becomes 
very  variable  through  irregularity  of  wort  supply;  a 
similar  variation  bemg  caused  also  by  the  retention  of 
mash  wort  in  some  intermediate  vessel  prior  to  passing 
it  through  the  multitubular  heater. 

By  glancing  at  the  sketch,  my  readers  will  see  that 
this  multitubular  cylindrical  heater  is  attached  to  the 
side  of  mash  tmi  and  connected  to  pump,  which  is 
itself  in  connection  with  the  bottom  of  mash  tun,  the 
delivery  tube  commanding  sparge  dish. 

Every  arrangement  is  devised  for  effecting  the  rapid  cieansingofcu-- 

, . . , . , . culation  plant. 

Cleansing  ot  the  entire  arrangement,  which  is  perfectly 
under  control,  although,  to  ensure  regularity  of  heating 
agency,  it  is  advisable  in  all  cases  to  connect  the  steam 
exhaust  to  boilers  direct,  this  being  far  preferable  to 
the  employment  of  steam  traps,  which  are  not,  as  a rule, 

I think,  to  be  depended  upon  for  determining  absolute 
regularity  of  pressure.  It  must  be  remembered  also 
that  as  boilers  frequently  prime  very  considerably, 
necessity  arises  for  cleansing  the  exterior,  as  well  as  the 


808 


APPENDIX. 


Heating  capa- 
city of  cylinder. 


Bise  of  heat  in 
mash. 


interior,  of  multitubular  steam-pipes,  wliicli  become 
coated  with  a deposit  of  wort  extract  on  inner,  and 
saline  matter  on  outer  surface,  while  it  is  recommendable 
also  to  connect  the  suction-pipe  of  pump  to  hot  liquor 
tanks,  so  that  on  completing  the  circulation  of  wort  the 
arrangement  can  still  be  utilised  for  sparge  liquor  until 
multitubular  plant  is  perfectly  free  from  wort  itself. 

It  will  be  advisable  for  me  at  this  pomt  to  give  some 
idea,  not  only  of  the  heating  capacity  of  the  cylinders,, 
but  also  of  the  increase  in  initial  heat  of  mash  which  may 
be  effected  when  some  definite  bulk  per  quarter  of  mash 
wort  is  circulated  at  a temperature  ranging  say  from 
185°  to  195°.  I can  best  explain  this  by  saying  that 
the  size  of  multitubular  heater  is  so  regulated  for  each 
plant  that  one  barrel  per  quarter  of  mash  wort  can  be 
usually  circulated  in  a period  of  thirty  to  forty-five 
minutes  at  a steady  temperature  of  190°.  If,  on  the 
other  hand,  the  mdividual  brewer  prefers  to  decoct  the 
wort  (that  is,  to  actually  boil  it)  and  again  cool  to  the 
stated  temperature  of  185°  or  190°  before  re-sparging  on 
to  goods,  the  multitubular  heater  would,  of  necessity, 
be  constructed  with  a greater  heating  area,  while  the 
delivery  pipe  would  convey  contents  to  a corresponding 
multitubular  cooler  to  reduce  the  temperature  of  decocted 
wort  to  the  stated  heat  before  re-sparging  on  to  goods, 
so  preventing  any  excessive  gelatinisation  of  vitrified 
starchy  matter  or  the  extraction  of  too  intense  a form  of 
husky  flavour,  a defect  that  might  result  if  the  decocted 
wort  was  actually  resparged  at  boiling  heat. 

The  next  question  is  in  reference  to  the  corresponding 
rise  in  initial  heat  of  mash,  and  from  repeated  experi- 
ments on  a large  scale,  I have  found  that  an  available 
range  of  about  ten  to  fifteen  degrees  is  possible  in  the 
period  of  time  named  if  the  first  initial  is  about  145°, 
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although  this  range  would  vary  a Httle  in  one  direction 
or  another,  according  to  exact  primary  initial  heat  of 
mash  arrived  at. 

As  for  the  results  of  this  very  interesting  process,  H6smn6  of  re- 
sults obtained 

they  are  indeed  beyond  question,  while  brewers  carry-  by  circulation. 

ing  it  out  can  at  will  adopt  the  very  important  principle 

of  low  infusion  heats,  with  corresponding  extraction  of 

favourable  types  of  albuminous  matter  and  peptonisa- 

tion  of  same,  for  a period  say  of  an  hour  and  a half 

before  utihsing  hot  circulation  of  wort  as  a means  of 

rapidly  increasing  dextrine  proportions,  and  getting  rid 

of  many  of  the  more  objectionable  forms  of  albu- 

mmous  matter  that  a low  infusion  heat  wort  would 

undoubtedly  contain.  This  particular  process,  in  short, 

is  a distinct  step  in  the  direction  of  Continental  working, 

depending,  as  the  German  decoction  method  does,  upon 

low  infusion  heats  as  determined  by  comparatively  cold 

water  mashing,  and  after-decoction  of  material  and  wort 

combined. 

The  process  specified  appeals  also,  with  greater  force.  Circulation  pre- 
ferable to  decoo- 

to  the  producers  of  superior  beer  who  might  object  to  tion  for  delicate 
absolute  decoction  flavours,  while  yet  desirous  of  arriving 
at  definite  dextrine  percentages.  In  all  cases  it  is  well 
to  remember  that  the  preliminary  low  infusion  heats 
should  be  allowed  to  exist  for  some  httle  time,  while 
good  material  would  of  necessity  have  to  be  used  in 
order  to  render  the  process  thoroughly  successful,  since 
if  faulty  malt  be  employed,  yielding,  as  it  would,  a low 
proportion  of  amides,  hot  circulation  of  wort,  especially 
if  practised  early,  would  still  further  minimise  the 
possibility  of  successful  yeast  reproduction  in  the  wort 
obtained. 

I believe  that  the  illustrations,  which  are  fairly  de- 
tailed, will  enable  readers  to  understand  the  general 
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arrangements  of  plant  specified,  while  as  decoction  of 
wort  is  notably  different  from  decoction  of  malt,  I have 
thought  it  well  to  enter  into  considerable  detail  in  de- 
scribing the  former  process  and  the  means  of  carrying  it 
out,  and  can  assert,  with  the  greatest  confidence,  that  if 
properly  worked,  no  difficulty  whatever  will  be  fomid  in 
the  after  ready  fermentability  of  the  wort  so  treated, 
which,  on  the  other  hand,  will  undergo  vast  im- 
provement in  two  very  distinct  directions,  the  normal 
dextrine  proportion  being  considerably  increased,  while 
the  semi-decoction  of  wort  eliminates  many  forms 
of  nitrogenous  matter  that  are  in  no  sense  of  any 
value. 

Before  concluding  this  chapter,  I must  refer  in  a brief 
manner  to  the  subject  of  hot  aeration,  since  many 
brewers  prefer  to  bring  such  influence  into  operation 
during  the  early  stages  of  them  infusion  process,  intro- 
ducing the  heated  air,  in  fact,  during  the  cu’culation 
of  mash  wort  itself.  Some  years  ago  I fancied  in  my 
ignorance  that  hot  air  could  be  utilised  as  a forcing 
power,  hut  of  course  soon  found  that  it  was  enthely 
unsuited  for  this  purpose,  so  that  I was  compelled  to 
abandon  my  original  idea  of  circulating  wort  through 
a multitubular  heater,  driving  the  wort  by  the  agency 
of  hot  ah'  under  pressure,  and  adopt  instead  the  most 
simple  form  of  pump  that  could  be  devised,  introducing 
the  hot  air  dm’ing  wort  circulation  or  at  any  convenient 
later  stage. 

It  will  surprise  many  of  my  readers  to  know  that  hot 
air  existmg  mader  pressure  has  no  particular  heating 
capacity ; in  other  words,  much  of  the  heat  attaching 
to  such  air  corresponds  only  to  its  degree  of  com- 
pression, so  that  when  released  from  pressure,  on 
escaping  into  wort,  it  naturally  expands,  rendermg  heat 
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latent  in  consequence,  and  in  many  cases  actually 
cooling  the  wort  in  place  of  causing  a definite  rise  in 
temperature.  In  order  to  determine  any  direct  heating 
agency  the  hot  air  itself  would  have  to  exist  at  an 
extremely  high  temperature,  i.e.,  for  hot  air  to  possess 
heating  agency  there  must  be  a vast  relative  difference 
between  the  temperature  of  the  fluid  to  be  heated  and 
that  of  the  air  used  for  the  purpose  of  causing  increase 
in  temperature.  This  explains  why  it  is  perfectly  safe 
to  introduce  compressed  air  at  a temperature  of  270” 
into  wort  existing  at  165°,  since  for  the  reasons  stated 
no  actual  heating  would  take  place,  the  relative  differ- 
ence between  the  two  temperatures  in  question  not 
being  sufficiently  extreme. 

There  are  various  means  of  arrivmg  at  what  I term 
hot  air,  the  most  simple  arrangement  being  that  of  a 
definite  heating  cylinder  with  an  air  pipe  passing 
through  it  in  spiral  form  so  as  to  determine  great  heat- 
ing surface,  while  steam  under  pressure  is  utilised  in 
the  cylinder  for  the  purpose  of  imparting  the  necessary 
temperature  to  the  air  to  be  utilised  for  the  specific 
purpose  named.  This  arrangement,  of  course,  necessi- 
tates suction  of  air  to  begin  with,  this  facilitating 
filtration  through  cotton  wool,  while  the  force  of  pump 
in  drivhig  such  air  through  spiral  coil  of  cylinder  deter- 
mines a pressure,  which,  as  I have  before  said,  has  a 
great  deal  to  do  with  the  temperature  eventually  arrived 
at.  That  is,  the  temperature  of  compressed  air  is 
fictitious  in  a certain  sense,  and  corresponds  in  no 
small  degree  to  variations  in  pressure.  Brewers  work- 
ing such  plant  have,  indeed,  often  been  surprised  to 
find  that  the  quicker  the  speed  of  pump-engine,  the 
higher  the  temperature  of  air  passing  through  spiral 
heater,  and  mce  versa.  So  much  then  for  hot  air  and 
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tlie  means  of  obtaining  it ; let  me  try  and  explain  now 
its  supposed  influence  when  used. 

May  I suggest  that  readers  interested  m this  special 
subject  should  pass  some  hot  air  through  a strong  mash 
tun  wort ; they  will  find  in  result  that  the  fluid  will 
become  perfectly  turbid,  while  if  they  carry  on  the  same 
treatment  with  a series  of  samples  of  varying  gravities, 
they  will  soon  see  that  weak  worts  apparently  contain 
less  nitrogenous  matter  capable  of  undergoing  oxidation 
and  elimination  by  such  influence  than  strong  worts  ^ 
this  giving  a direct  clue  to  the  practical  fact  that 
when  definite  hot  aeration  of  wort  is  carried  on,  it  is  far 
more  recommendable  in  the  case  of  strong  worts  than 
m the  treatment  of  those  of  lower  gravity. 

Does  not  this  explain  also  why  practical  brewers 
have  always  stated  that  it  is  far  easier  to  produce  a 
table  beer  of  stable  character  than  one  having  double 
the  gravity  of  such  variety  ? Is  it  not  a fact  also  that 
when  brewers  are  in  difficulties,  they  experience  greater 
trouble  with  an  intermediate  description  of  fluid,  i.e.y 
one  containing  a considerable  proportion  of  strong  wort, 
while  not  protected  by  any  great  alcoholic  strength  or 
percentage  of  hop  extract  ? 

K my  readers  will  carefully  consider  these  important 
assertions,  they  will  admit,  I think,  that  they  throw 
considerable  light  upon  many  of  the  troubles  attendhig 
the  operations  of  brewers  at  different  seasons  of  the 
year.  It  is  indeed  quite  erroneous  to  regard  all  weak 
runnings  with  disfavour,  in  view  of  the  fact  that  a very 
weak  wort  resists  oxidation  change,  while  those  of 
considerable  strength  are  apparently  suggestively  open 
to  it. 

I am  perfectly  aware  that  scientists  might  be  inchned 
to  dispute  this  statement ; but  in  view  of  all  that  takes 


Clean  woits. 


APPENDIX. 


318 


place  when  working  sucli  aCTation  plant,  the  compara- 
tive cleanliness  of  the  coolers  after  the  passage  of  worts 
over  them,  the  freedom  of  the  refrigerators  from  the 
unpleasant  white  deposit  which,  during  the  passage  of 
strong  wort,  or  those  not  aerated  at  all,  frequently 
makes  its  appearance,  I may  conclude,  I think  without 
much  doubt,  that  brewing  readers,  .at  any  rate,  will 
admit  that  if  such  decided  cleanhness  of  wort  results 
from  hot  aeration,  it  is  at  all  events  a process  practi- 
cally recommendable,  no  matter  what  the  particular 
view  of  the  scientist  may  be  who  deals  only  with  frac- 
tional portions  of  wort,  and  determines  percentage 
amides  and  other  forms  of  nitrogenous  matter  by  pro- 
cesses, which,  to  say  the  least,  are  not  always  very 
reliable  in  result. 

Many  of  my  readers  no  doubt  know  that  a Conti- 
nental brewer  is  in  the  habit  of  either  boiling  wort  for 
a very  prolonged  period  under  shght  pressure,  or  even 
in  certain  cases  double-boiling  it,  the  after  cooler  pro- 
cess being  also  very  lengthy.  May  I not  ask  why  they 
should  take  all  this  trouble  imless  they  are  thoroughly 
aware  that  air,  either  natm’ally  absorbed  or  introduced 
into  wort,  has  an  enormous  influence  upon  the  after 
non- changeable  character  of  extract  present  in  the  beer 
produced  ? No  scepticism  can  exist  as  to  this,  while  a 
simple  experiment  will,  I think,  sufficiently  prove  the 
truth  of  the  statement,  since  if  any  one  will  take  the 
trouble  to  submit  cooler-wort  to  ebullition  in  a beaker, 
he  will  observe  that  it  is  capable  of  throwing  down  a 
second  copious  precipitate,  although  presumably  such 
wort  should  have  precipitated  all  its  possible  coagulable 
matter  during  the  copper  process,  and  we  musi)  con- 
clude, therefore,  that  it  gained  the  capacity  of  throw- 
ing down  a second  portion  of  coagulable  matter  after 
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leaving  the  copper  and  passing  to  the  cooler.  This 
means,  in  point  of  fact,  that  such  capacity  has  been 
attained  on  account  of  the  wort  taking  up  air  after 
leaving  the  copper  and  while  remaining  on  coolers. 

It  was  indeed  to  save  this  tedious  process  of  double 
boiling  that  I suggested  the  application  of  air  directly 
introduced  into  copper  wort,  having  previously  applied 
the  principle  some  years  ago  to  the  manufacture  of 
vinegar,  with  the  idea  of  minimising  the  proportion  of 
albuminous  matters  existing  in  wash  that  would  other- 
wise precipitate  durmg  the  ullage  of  vinegar  itself. 

It  would  he  tedious  to  enter  into  any  great  amount 
of  theoretical  detail  in  reference  to  such  statements, 
since  the  truthfulness  of  my  general  argument  is  most 
easily  proved,  as  I think,  by  the  simple  experiment 
suggested,  and  I cannot  therefore  agree  with  the  views 
of  mere  chemical  scientists  who  attempt  to  show  that 
there  is  no  difference  in  the  percentage  of  nitrogenous 
matters  present  in  wort  after  pronounced  hot  aeration 
has  been  determined. 

The  plant  illustrated  has,  of  course,  a second  office  to 
perform,  viz.,  that  of  supplying  cold  pm'e  air,  if  the 
type  of  yeast  undergoing  cultivation  requires  any  such 
supply  in  order  to  render  it  capable  of  extended  alco- 
hohc  action  or  increased  assimilative  capacity.  I shall 
have  to  deal  later  on,  however,  with  this  part  of  the 
subject,  so  that  a brief  reference  to  it  will  now  suffice. 

Compression,  of  course,  has  the  same  influence  in 
deciding  temperatm’e  of  cold  air  as  that  of  hot,  and  in 
this  way  we  can  secure  a direct  advantage,  since  if  we 
deal  with  cooled  compressed  air  we  secure  increased 
cooling  capacity  through  this  agency,  since  it  again 
expands  when  liberated  from  air  pipe,  and  in  expanding 
becomes  still  colder.  This  is  exactly  what  takes  place 
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when  passing  nominally  cold  air  through  a spiral  tube 
placed  in  a cylinder,  through  which  cold  water  is  con- 
stantly flowing,  while  to  prevent  any  undue  heating  by 
primary  compression,  the  air  cylinder  of  combination 
pump  itself  is  also  surrounded  by  a water  jacket. 

While  in  no  way  pretending  that  such  supply  of  cold 
air  can  be  used  definitely  for  cooHng  any  large  extent  of 
atmosphere,  it  is  still  of  the  utmost  usefulness  in  facili- 
tating a supply  of  cold  pure  air  that  can  he  blown  over 
surface  of  fermenting  wort,  as  also  for  introducing 
similar  air,  when  requisite,  into  the  wort  itself  at  certain 
intervals  during  prolonged  fermentation,  although  it 
must  be  remembered  that  the  quantity  of  air  so  in- 
troduced should  be  strictly  limited,  while,  having  an 
extreme  influence,  it  must  of  course  be  used  with  due 
discretion,  the  energy  of  its  action,  indeed,  proving  the 
usefulness  of  it  for  the  specified  purpose. 

In  order  that  the  construction  and  working  of  the  air 
pump  may  be  clearly  understood,  it  is  well  to  point  out 
that  it  constitutes  what  may  be  described  as  a combi- 
nation arrangement,  a single  piston  rod  miming  through 
three  cyhnders — the  upper  one  being  the  air  chamber, 
the  second  cylinder  the  steam  chest,  while  the  lower 
one  constitutes  the  pump  for  wort  circulating  purposes, 
which  may  be  disconnected,  of  course,  if  not  required. 

In  concluding  these  remarks  I have  only  to  ob- 
serve that  all  air  dealt  with  is  purified  by  filtration 
through  cotton  wool,  kept  more  or  less  constantly 
changed,  while,  as  lubricants  are  of  necessity  employed 
to  a hmited  extent  in  cylinders,  it  is  advisable  to  filter 
the  air  a second  time  through  cotton  wool  m order  to 
remove  all  traces  of  oily  matter. 

I have  thus  attempted  to  describe  in  my  appendix 
chapter  on  mashing  how  infusion  worts  can  be  Tnnr1ifip.f1 
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in  a variety  of  ways  ; and  if  proper  care  is  taken  in 
reference  to  class  of  material  employed  and  preliminary 
infusion  heats,  it  will  be  evident  to  readers  that  we 
can  not  only  secure  the  requisite  proportion  of  albu- 
minous matters  for  yeast  aliment,  but  at  the  same  time 
an  equally  recommendable  dextrine  percentage,  while 
finally  ehminating  from  the  mash  wort,  by  direct  oxi- 
dation, and  after  ebullition,  many  of  those  forms  of 
alterable  albuminous  matter  which  are  so  very  objec- 
tionable as  constituents  of  finished  beer. 
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CHAPTER  III. 

BOILING  OPEBATIONS  : THE  DIPPEBENCE  BETWEEN 

STEAM  AND  PIBE  HEAT — THE  MEANS  OP  OBTAIN- 
ING PUBE  STEAM — THE  BELATIVE  DIPPEBENCE 
BETWEEN  BAW  STEAM  INJECTED  AND  STEAM 
EMPLOYED  INDIBECTLY  THBOUGH  COILS — WATEB- 
SOPTENING  PLANT. 

Hithebto  it  has  been  supposed  that  the  boihng 
operation  constituted  the  first  definite  corrective  process 
carried  out  by  the  Enghsh  brewer  in  reference  to  the 
character  of  mash  wort,  i.e.,  in  submitting  the  wort  to 
ehuUition  with  hops  we  not  only  take  into  solution 
desirable  forms  of  hop  extract,  but  eliminate,  under  the 
influence  of  extreme  heat  combined  with  that  of  hop 
extract,  or  the  more  astringent  bodies  that  it  contains, 
many  other  forms  of  nitrogenous  matter  that  would 
otherwise  resist  mere  heat  coagulating  influences  alone. 

In  view  of  the  statements  that  I have  made  in  the 
chapter  on  mashing  operations,  we  must,  I think,  give 
up  the  idea  that  boilmg  constitutes  the  first  corrective 
method  of  the  brewer,  since  I have  specified  several 
other  important  agencies  in  that  chapter,  but  we  may 
nevertheless  still  hold  fast  to  the  behef  that  true  ebulli- 
tion, if  thoroughly  carried  out,  must  of  necessity  have 
an  enormous  influence  upon  the  character  of  wort  boiled. 
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as  also  upon  that  of  resulting  beer.  It  is  not  too 
much  to  say,  indeed,  that  many  brewing  troubles  that 
crop  up  during  the  summer  months  can,  in  many 
instances,  be  directly  traced  to  inefficiency  of  ebulli- 
tion having  been  allowed  to  pass  -without  notice,  while 
so  many  arrangements,  of  doubtful  utility,  in  this 
particular  direction,  have  been  fitted  up  in  breweries 
of  late  years,  that  it  -will  perhaps  be  ad-visable  that  I 
should  clearly  explam  the  differences  that  exist  between 
the  influence  of  steam  and  fire  heat,  and  the  relative 
value  of  steam  heat  itself  as  directly  or  indirectly 
applied. 

First  of  all  let  me  touch  upon  the  subject  of  heat. 

What  do  we  mean  when  spealdng  of  this  ? Simply 
the  liberation  of  heat  units  from  carbonaceous  matter 
midergoing  combustion,  which  we  either  directly  apply, 
i.e.,  pass  straight  mto  the  wort  contained  in  our  copper, 
or  which,  on  the  other  hand,  we  employ  indirectly  as 
a means  of  converting  water  into  vapour,  storing  up 
these  heat  units  in  the  steam  under  pressure,  and 
finally  using  such  vapour  as  a means  of  raising  the 
temperature  of  our  wort,  either  by  passing  it  directly 
into  the  fluid  itself,  or  indirectly  applying  it  as  it  passes 
through  coil  or  jacket  of  boihng  pan. 

The  majority  of  my  readers  will  remember,  no  doubt, 
that  the  temperature  of  steam  is,  in  a sense,  some- 
what fictitious,  or  in  other  words  that  a great  number  of 
heat  units  are  locked  up  in  steam  in  latent  form,  and 
remain  locked  up  so  long  as  the  water  exists  in  the 
physical  form  of  vapour,  so  that  when  we  employ 
steam  indirectly  we  do  not  utilise  any  of  these  latent 
heat  units  for  cooking  or  caramelising  purposes,  but 
depend  merely  upon  the  apparent  heat  of  steam  as 
existing  under  pressure. 


APPENDIX. 


319 


Now  this  apparent  heat  of  steam  varies  enormously  Apparent  heat 
according  to  pressure,  standing  at  about  212  under 
ordinary  atmospheric  conditions,  and  rising  to  as 
high  a limit  as  260°  or  270°  under  a pressure  of  three 
atmospheres,  or  45  lbs.  per  square  inch.  I wonder  how 
many  brewers  recognise  this  particular  pomt,  or  take 
steps  in  the  direction  of  determining  constancy  of  pres- 


sure while  using  steam  for  boiling  purposes?  Surely 
they  can  see  that  unless  such  pressure  is  uniform,  the 
apparent  heat  of  the  steam  will  fluctuate  more  or  less 
when  passing  from  the  boiler,  and  finally  making  its 
free  exit  through  coil  or  jacket.  It  is  very  difficult,  of 
com’se,  to  determine  an  equilibrium  of  pressure  in  such 
arrangements  unless  the  exhaust  pipe  carries  the  steam 
back  again  to  the  boiler  whence  it  came,  while  it  is  not 
all  copper  jackets  or  coils  that  are  capable  of  with- 
standing the  boiler  pressure  that  alone  decides  a 
thorough  efficiency  of  steam  heat  indirectly  applied. 

If  I am  understood  so  far,  readers  will  readily  see  how  Superiorheating- 

power  of  naked 

preferable  raw  or  naked  steam  must  be  to  the  same  steam, 
vapour  indirectly  applied,  if  only  it  can  be  safely  used 
in  copper  wort,  since  in  this  case  we  not  only  have  the 
full  influence  of  apparent  heat  as  determined  by  boiler 
pressure,  but,  on  account  of  the  actual  condensation  of 
steam  in  the  wort  itself,  we  bring  into  operation  that 
latent  or  hidden  heat  that  has  previously  been  keeping  it 
in  the  physical  form  of  vapour.  It  is  for  this  reason 
that  the  temperature  of  naked  or  raw  steam  is  vastly 
superior  in  every  way  to  that  of  steam  indirectly  applied, 
and  no  words  of  mine  could  possibly  emphasise  too 
much  the  importance  of  this  statement. 

Let  me  give  an  example  or  two  in  order  to  prove  my  Naked  steam 
point.  If  some  brewing  reader,  who  has  suffered  from  tion  of  beer, 
persistent  sluggishness  of  clarification  in  the  case  of 
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mild  beers  not  possessing  the  influence  of  hop  extract 
to  any  large  extent,  will  only  submit  his  worts  to 
ebullition  under  the  influence  of  raw  or  naked  steam, 
he  Avill  soon  discover  for  himself  the  enormous  power 
that  such  heat  so  apphed  has  of  determining  the 
possible  clarification  of  beer  not  otherwise  very  readily 
secured. 

Or  let  me  take  again  the  example  of  sugar  inversion. 

It  is  no  easy  matter  to  accomplish  complete  hydration 
of  sugar  in  any  reasonable  time  through  the  agency  of 
limited  acidity  at  a mere  boiling  temperature,  but  if  we 
effect  ebullition  under  the  influence  of  raw  or  naked 
steam  directly  introduced  into  the  dilute  syrup,  hydra- 
tion invariably  results  not  only  much  more  quickly, 
but  is  actually  completed  thoroughly,  the  difference  in 
results  as  determined  by  the  two  methods  of  ebulhtion 
being  very  striking. 

I do  not  for  a moment  suppose  that  either  form  of 
steam  heat  can  readily  be  considered  so  efficient  as  that 
of  fire,  for  in  this  case  the  heat  units  are  not  limited 
to  anything  like  the  same  extent ; but,  personally,  I 
should  always  prefer  to  determine  ebullition  of  wort 
through  the  agency  of  pure  naked  steam,  than  rely  upon 
the  same  heating  agency  that  may  possibly  be  faultily 
applied  in  some  indirect  mamier. 

Now  the  question  at  once  crops  up  as  to  whether  it 
is  recommendable  to  utihse  steam  in  a direct  maimer  in 
face  of  the  fact  that  the  feed  water  of  many  boilers  is 
more  or  less  foul,  while  as  priming  possibly  goes  on 
the  resultmg  steam  can  hardly  he  regarded  as  absolutely 
pure.  This  Idnd  of  comment  is  worthy  of  due  atten- 
tion, because,  if  desiring  to  employ  raw  steam  for  any 
purpose  in  the  brewery,  it  is  always  advisable  to  take 
steps  to  ensure  its  absolute  purity,  and  nothing  perhaps 
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is  easier  if  we  only  take  care  to  feed  our  steam  boilers 
with  water  of  reasonable  quality. 

There  are  few  readers,  I imagine,  who  fail  to  recog- 
nise that  the  steam-producing  capacity  of  a boiler  soon 
becomes  seriously  minimised  by  scale  formed  by  the 
continually  subsiding  sedimentary  matters,  and  I think 
it  advisable,  therefore,  to  describe  a process  by  which 
we  can  not  only  vastly  increase  the  steam-producing 
power  of  boilers,  but  at  the  same  time  secure  a supply 
of  steam,  that  is  recommendable  in  point  of  pm’ity. 

Many  large  manufacturers  have,  within  my  own 
knowledge,  during  the  last  year  or  two  adopted  a most 
simple  device  for  effectually  softening  boiler  feed-water, 
not,  I admit,  on  any  very  novel  principle  so  far  as 
artificial  treatment  for  effecting  actual  softening  is  con- 
cerned, but  through  the  agency  of  very  ingenious  plant, 
which  has  been  much  improved  in  detail  during  recent 
years,  and  rendered  far  less  costly  than  when  first 
introduced  to  the  notice  of  sugar  refiners  and  other 
large  users  of  steam,  who,  in  using  the  plant,  score 
immense  advantage  through  economy  in  the  consump- 
tion of  coal,  and  in  obtaining  pure  supphes  of  steam  for 
their  several  purposes. 

Mere  chemical  softening  of  boiler  feed-water  is,  of 
com’se,  a very  simple  matter,  since  by  neutralising  free 
and  loosely  combined  carbonic  acid  we  immediately  pre- 
cipitate lime  and  a portion  of  the  magnesic  carbonates, 
while  we  can  decompose  and  convert  gypsum  into 
sulphate  of  soda  by  the  addition  of  sodic  carbonate, 
precipitating  the  bye-product  of  the  reaction  as  an 
insoluble  carbonate  of  lime. 

The  practical  point,  however,  is  to  get  rid  of  these 
subsiding  saline  matters  in  the  treated  water,  as  their 
natural  gravitation  from  a large  bulk  of  fluid  would 

Y 


Methods  of 
softening’  boiler 
feed-water. 


Chemical  pro- 
cesses. 


322 


APPENDIX. 


Howatson’s 

plant. 


Pre.ssiire  during 
ebullition. 


be,  of  course,  a lengthy  process.  The  problem,  then,, 
is  to  facilitate  separation  of  sahne  matters  by  some 
agency  that  can  practically  be  brought  into  play  with- 
out any  great  amount  of  trouble  or  expense.  This 
has  been  accomplished  by  Messrs.  Howatson,  whose 
water-softening  plant  I illustrate,  the  principle  of 
this  arrangement  depending  upon  the  influence  of 
surface  attraction,  the  feed  water  duly  softened, 
and  possibly  hea^^ly  charged  udth  subsiding  sahne 
matters,  passing  slowly  through  narrow  channels  com- 
posed of  some  material  exercising  powerful  attrac- 
tive influence  for  the  suspended  bodies  in  question, 
the  channels  spoken  of  being  composed  of  plates  placed 
so  close  together  that  the  film  of  water  flowing  through 
intervening  space  is  relatively  very  slight  in  point  of 
bulk. 

Through  the  action  of  this  machine  (which,  I may 
say,  is  strictly  automatic,  and  the  details  of  which  vdll 
be  readily  imderstood  by  glancing  at  the  illustration), 
the  water  passing  to  boilers  is  not  only  artificially 
softened,  buo  cleared  of  all  suspended  bodies,  saline  or 
organic,  so  that,  by  the  time  it  reaches  the  outlet  of 
purifier,  it  is  perfectly  soft  and  clear,  and,  as  a feed 
supply,  is  incapable  of  throwing  down  a sedimentary 
deposit  or  scale,  while,  of  necessity,  eventually  yielding 
steam  of  great  purity.  I can  confidently  recommend 
this  plant  to  the  notice  of  those  brewers  who  read 
between  the  lines,  and  estimate  aright  the  true  influ- 
ence of  raw  steam,  while  recognising  that  when  used 
it  should,  in  all  cases,  be  sufficiently  pm*e. 

To  return,  however,  to  the  question  of  wort-ebulli- 
tion. Are  there  any  other  points  worthy  of  notice  in 
discussing  this  important  subject  ? 

To  begin  with,  there  is  that  of  pressure,  which,  if 
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definitely  applied,  determines  increase  in  temperature  of 
ebullition  by  preventing  free  escape  of  vapour,  which 
practically  means  fixing  in  the  wort  undergoing  ebulli- 
tion a greater  amount  of  heat  units  than  would  be  pre- 
sent if  free  evaporation  took  place. 

Both  German  and  American  brewers  have  recognised 
the  importance  of  this  statement,  but,  seeing  that  it 
would  be  perfectly  impossible  to  boil  a pale  beer  wort 
under  any  very  permanent  or  constant  pressm’e,  as  evi- 
denced in  the  working  of  a closed  copper,  om-  Conti- 
nental and  American  friends  have  skilfully  adopted 
the  principle  of  limited  pressm'e,  this  being  occa- 
sionally applied  dmdng  the  boiling  process  with  the 
best  possible  results.  For  instance,  I heard  quite 
recently  of  a weak  (18  lb.  or  14  lb.)  beer  being  actually 
boiled  for  a period  of  eight  hours  under  a slight  pressure, 
intermittently  applied,  so  that,  after  a considerable  stay 
on  cooler,  the  collected  wort  was  absolutely  brilliant 
when  cold,  so  constituting  a non-fermentable  kind  of 
weak  beer,  incapable  of  either  fretting  down  in  gravity 
during  attenuation,  or  exhibiting  any  tendency  to  fretful 
change  when  finally  placed  in  shipment  casks. 

Great  changes,  too,  have  taken  place  even  in  the 
English  brewers’  process  dm-ing  the  last  few  years. 
Copper  worts  are,  indeed,  far  less  viscid  than  they  were, 
partly  on  accomit  of  sugar  use  and  the  extended  em- 
ployment of  thin  varieties  of  grain,  but  partly  also  in 
consequence  of  the  production  of  weaker  beers,  or  fluids 
less  heavily  hopped  in  proportion  than  those  of  higher 
gravity. 

Now,  as  we  diminish  the  viscidity  of  a fluid  imder 
such  influences  as  those  specified,  we  directly  favour, 
of  course,  the  escape  of  heat  units  locked  up  in  latent 
foim  in  the  vapom:  passing  off,  so  that  mere  evapora- 
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tion  is  no  certain  sign  of  true  caramelising  or  cooking 
influence,  but  only  shows  that  the  wort  is  sufficiently 
limpid,  and  the  mechanical  agitation  of  boiling  or  rapid 
evaporation  sufficiently  energetic,  to  decide  an  extreme 
escape  of  vapour  and  corresponding  loss  of  heat  imits 
which,  if  concentrated  in  the  wort,  would  have  deter- 
mined the  greater  cooking  or  semi-caramehsing  in- 
fluence required.  In  this  statement,  then,  we  have  both 
a simple  and  conclusive  explanation  of  the  thorough 
inefficiency  of  many  boiling  operations,  since,  in  these 
cases,  we  may,  of  course,  pass  into  our  worts  a large 
amomit  of  heat,  but,  unfortunately,  allow  it  to  escape 
again  before  it  has  determined  its  true  influence ; our 
coppers,  under  such  circumstances,  descend  to  the  level 
of  mere  evaporating  pans,  the  boiling  operation,  indeed, 
being  very  different  in  every  way  to  that  which  would 
have  resulted  with  diminished  evaporation,  as,  in  the 
case  of  a deep  vessel,  covered  with  a dome  to  prevent 
free  escape  of  vapour  and  facilitate  rapid  increase  in 
pressure. 

It  may  now  be  clear  to  my  readers  why,  during 
recent  years,  it  has  been  necessary  for  them  to  extend 
boihng  operations  in  point  of  time,  although  some  of 
them  have  not,  I fear,  looked  into  the  question  of 
efficiency  as  a corresponding  factor.  Our  copper  worts, 
indeed,  have,  for  reasons  already  specified,  become  more 
and  more  limpid,  so  retarding  in  minimised  degi’ee 
convection  of  heat  vesicles  {i.e.,  minute  globules  of 
vapour,  passing  in  myriads  through  the  fluid  under- 
going ebullition).  We  have  been,  I think,  too  apt  to 
accept  mere  mechanical  violence  of  ebullition  as  proof 
of  efficiency,  and  have  frequently  aided  such  mechanical 
motion  of  fluid  by  placing  fomitains,  domes,  and  other 
appliances  in  our  coppers  to  prevent  wort  boiling  over. 
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entirely  forgetting,  while  doing  so,  that  we  are  delibe- 
rately facilitating  the  very  escape  of  heat  that  is  so 
necessary  to  determine  true  efficiency  of  ebulhtion. 

In  the  next  place,  brewers  have,  often  unwittingly, 
adopted  steam  boiling  pans  in  which  steam  heat  indi- 
rectly applied  has  been  most  faultily  used,  no  attention 
whatever  having  been  paid  to  the  pressme  under  which 
it  existed,  or  as  to  whether  condensation  resulted  in 
its  passage  from  boiler  to  coil  or  jacket.  Others  have 
allowed  boilers  to  prime  in  such  a way  that,  in  place  of 
steam  passing  forward  to  accompHsh  its  work,  even  indi- 
rectly in  pure  vapour  form,  it  has  existed  overladen  with 
priming  water,  which  has  still  further  tended  to  deter- 
mme  increased  condensation  and  reduced  pressure,  while 
in  result  we  have  found  such  brewers  extending  their 
boihng  periods  in  the  vain  hope  of  determining  greater 
efficiency  of  ebullition,  oftentimes  discovering  to  their 
cost  that  mere  extension  in  period  of  ebulhtion  can  in  no 
sense  make  up  for  deficiency  of  caramelising  influence, 
not  existing,  be  it  understood,  as  an  actual  colouring 
agency,  but  determining  a curing  of  wort  in  a similar 
sense  to  that  when  employing  the  same  expression  in 
reference  to  malt.  A better  word,  perhaps,  is  that  of 
“ cooking,”  which  means  that,  in  submitting  wort  ex- 
tract to  a suitable  temperature,  we  so  modify  it  under 
the  influence  of  heat  that  it  is  far  less  changeable  in  its 
general  nature  than  before. 

What  is  the  conclusion  that  we  may  come  to  when 
mastering  all  these  points  that  underlie  the  whole  ques- 
tion as  to  efficiency  of  boihng  operations  ? Simply  this, 
that  it  is  far  easier  to  ensure  efficiency  of  ebullition  by 
means  of  direct  fire  heat  than  to  accomplish  it  by  the 
aid  of  steam,  while  the  influence  of  steam  indirectly 
used  is  frequently  disastrous,  since,  in  applying  it,  we 
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oftentimes  forget  the  points  that  control  its  efficiency 
when  so  employed,  such,  for  instance,  as  the  quantity 
passing  to  coil  or  jacket,  or  the  pressure  under  which 
it  exists. 

We  cannot  be  surprised,  therefore,  if  the  organic  fluid 
we  are  attempting  to  correct  by  means  of  ebullition, 
should  sometimes  exhibit  a very  changeable  character, 
proving  most  completely  that  we  have  failed  in  om’ 
object.  If  this  is  the  case  with  brewings  produced  by 
any  of  my  readers,  let  me  strongly  advise  them  to 
rectify  their  steam  boihng  operations,  to  apply  a pres- 
Pressure  gauge  sure  gauge  to  their  coil  or  jacket  in  order  to  ascertain 
supply.  tile  temperature  of  steam  used  as  indicated  by  pressure, 

and  to  take  due  notice  also  of  the  quantity  passing 
through  the  coil  or  jacket  in  a given  limit  of  time.  If 
the  steam  supply  is  insufficient  in  quantity,  either 
through  defects  of  boiler  or  natm’al  condensation,  let 
them  see  if  they  cannot  obtain  a pm’e  supply,  and 
employ  this  direct  as  injected  into  wort,  condensing 
such  vapour,  and  so  deriving  benefit,  not  only  from 
its  heat  under  pressure,  but  also  from  the  latent  heat 
which  comes  mto  play  as  an  influence  when  hberated 
from  its  hidden  form,  such  liberation,  of  com'se,  taking 
place  immediately  on  condensation  resulting. 

Form  of  boiling  Then  again,  when  erecting  any  new  form  of  boihng 

V8SS61 

plant,  let  them  remember  that  shape  and  depth  of 
vessel  have  an  enormous  influence,  a narrow  copper 
definitely  restricting  convection,  a deep  one  deter- 
mining also  increased  pressure  and  consequently  in- 
creased heat.  It  is  impossible,  of  course,  to  advise  the 
Dome  coppers,  general  employment  of  dome  coppers,  since  these  can  be 
used  with  advantage  only  in  the  case  of  black  worts ; but 
sm’ely  if  it  is  necessary  in  the  case  of  a black  beer 
brewing  to  employ  a closed  copper  for  a definite  purpose. 
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it  is  equally  necessary  to  bear  in  mind  the  influence  that 
pressure  possesses  when  dealing  with  the  case  of  pale 
ales  ! If  I am  understood  rightly,  I have  mainly  tried 
to  show  that  the  influence  of  pressure  is  chiefly  evi- 
denced in  the  direction  of  uicreasing  heat  during  ebul- 
lition, although  pressure  at  the  same  time  may  possibly 
exercise  an  influence  of  its  own,  while  deciding  more 
perfect  action  on  the  part  of  a certain  degree  of  heat 
when  this  is  determined  through  its  agency. 

It  is  easy  to  see,  therefore,  that  when  we  are  not 
deahng  with  viscid  worts  which  sufficiently  restrict  con- 
vection of  heat  vesicles  on  account  of  their  own  viscid 
character,  and  we  cannot  commendably  employ  dh’ect 
pressure,  it  is  always  advisable  to  make  up  for  de- 
ficiencies in  this  direction,  and  for  what  I may  term 
the  necessary  or  accidental  absence  of  mechanical 
methods  of  determining  pressm'e  as  an  influence,  by 
utihsing  for  our  purpose  degrees  of  heat  that  can  accom- 
phsh  that  exact  cooking  of  extract  which  is  so  essential 
a point  in  practical  brewing,  while  I presume  that  I 
have  already  sufficiently  specified  the  meaning  of  this 
statement. 

The  simplest  way  out  of  all  difficulty,  if  this  should 
.arise  through  inefficiency  of  heat,  is  to  obtain  first  of 
all  a pure  steam  supply  in  the  way  that  I have  de- 
scribed, i.e.,  by  effectually  softening  the  feed- water  of 
our  boilers,  and  to  use  such  pure  steam  in  the  copper 
wort  direct,  gaining  not  only,  as  I have  said,  the  violent 
mechanical  motion  which  its  introduction  would  deter- 
mine, but  at  the  very  same  time  the  definite  heating  in- 
fluence which  is  so  invariably  necessary. 

It  is  not  too  much  to  say  that  the  brewer,  in  many 
cases,  should  actually  look  with  suspicion  on  the  violent 
mechanical  motion  that  copper  wort  sometimes  under- 
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goes,  indicating,  as  this  does,  the  very  rapid  escape  of 
heat  vesicles,  and  it  would  be  well  for  us  all,  before 
regarding  such  form  of  ebullition  as  perfect,  to  satisfy 
ourselves  that  the  amount  of  heat  introduced  into 
wort  is  more  than  sufficient  for  the  required  purpose, 
so  that  excess  may  be  allowed  to  escape,  and  cause 
the  violent  mechanical  agitation  commonly  indicatmg  a 
so-called  vigorous  boil,  but  not  always,  as  I contend, 
pro\ung  the  actual  cooking  of  wort  extract  that  is 
necessary. 

In  this  third  chapter,  therefore,  I have  tried  to 
make  plain  why  brewers  would  do  well  to  give  increased 
attention  to  their  boiling  operations,  since  in  the  vast 
number  of  cases  fretfulness,  sickness,  persistent  tur- 
bidity and  general  changeability  of  beer  may  be  directly 
ascribed  to  inefficiency  of  ebullition,  a practical  brewing 
process  not  correctly  understood,  I fear,  by  all  brewers, 
and  the  real  object  of  which  is  sometimes  rendered  ab- 
solutely impossible  of  attainment  by  mistakes  made  by 
the  brewery  engineer,  who  frequently  imagines  that  if 
he  can  erect  a vessel  in  which  wort  can  be  evaporated, 
and  ebullition  be  denoted  by  mechanical  movement  of 
fluid  as  resulting  from  the  escape  of  steam  vesicles,  he 
must  have  provided  what  the  brewer  actually  requires 
for  his  purpose.  I have  tried  to  make  clear  that  it  is 
not  so,  while  as  a last  suggestion  I should  recommend 
those  who  see  no  other  way  out  of  the  difficulty,  to  test 
for  themselves  what  can  be  accomplished  through  the 
agency  of  the  double  boihng  process,  incidentally  re- 
ferred to  in  the  chapter  dealing  with  the  subject  of  hot 
aeration  of  wort. 

In  a few  words,  ebullition,  indeed,  is  capable  of  lead- 
ing to  the  coagulation  "of  certain  forms  of  wort  extract, 
partly  per  se  and  partly  when  such  matters  have  been 
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modified  mider  tlie  astringent  agency  of  hop  extract, 
or  partially  oxidised  under  the  influence  of  air  either 
absorbed  from  the  atmosphere,  or  directly  pumped  into 
■wort.  The  hot  air  plant,  illustrated  and  previously 
described,  is  used  for  introducing  this  necessary  quan- 
tity of  air,  not  when  the  bops  are  in  the  wort,  since 
in  this  case  such  introduced  air  might  oxidise  and 
unnecessarily  disintegrate  bop  extract,  but  during  the 
collection  of  those  portions  of  entire  wort  which  con- 
tain the  excess  of  precipitable  matters. 

Now  this  applies  directly  to  the  principle  of  double 
boibng,  since  readers  will  see  that  if  wort  is  pumped  to 
the  cooler  it  naturally  absorbs  air  during  its  passage 
from  bop  back  and  during  the  time  that  it  remains 
exposed  on  cooler  floor,  while  the  mere  fact  of  its 
tbro'wing  down  a second  copious  deposit  on  being  re- 
boiled, proves  that  such  air  must  have  modified  the 
character  of  wort  extract,  so  that  on  again  being  boiled 
the  wort  is  no  longer  able  to  bold  it  in  solution. 

If  I have  succeeded,  even  by  constant  repetition, 
in  making  clear  the  very  important  point  that  great 
results  are  secured  through  the  influence  of  ebullition, 
when  correctly  understood  and  -wisely  determined,  I 
shall  be  content. 

I have  specified  in  detail  the  means  of  ascertaining 
whether  the  beating  influence  is  inefficient  in  its  agency, 
as  also  the  various  means  of  determining  thorough 
efficiency  when  this  is  found  to  be  faulty,  and  I can, 
therefore,  pass  on  at  once  to  the  consideration  of  an 
equally  important  subject,  constituting  the  text  of  suc- 
ceeding chapter. 
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CHAPTEE  IV. 

FEEMENTATION  ; THE  CONNECTION  BETWEEN  OXYGEN 
AND  YEAST — COLD  AIB  AS  AN  AGENCY  OP  PUBITY 
— COLD  AEBATION  — YEAST  BEPBODUCTION  AND 
YEAST  FEEDING — THE  MICBOSCOPE  AND  HOW  TO 
USE  IT. 

In  the  body  of  this  ^ work  I dealt  very  fully  with  the 
whole  subject  of  fermentation,  explaining  at  great  length 
the  connection  that  existed  between  the  original  idea 
of  Liebig,  and  the  modern  view  as  foreshadowed  by 
Pasteur.  In  the  present  appendix,  therefore,  I am  only 
anxious  to  refer  to  several  very  important  matters  in  con- 
nection with  fermentation  not  previously  dilated  upon, 
while  specifying  methods  of  facilitating  more  satisfactory 
yeast  reproduction,  and  greater  prn’ity  of  harm  than  is 
sometimes  apparent  when  working  upon  ordinary  in- 
fusion hues,  without  any  particular  attention  to  the 
character  of  malt  employed,  or  the  method  of  deahng 
with  it  in  the  preparation  of  the  wort. 

Many  readers  are  possibly  aware  that  great  strides 
have  recently  been  made  abroad  in  the  cultivation  of 
pure  yeast,  a central  agency  existing  at  the  present  time 
for  the  supply  of  such  pure  yeast  to  brewers.  Little 
doubt,  therefore,  can  be  felt  that  a dnect  advance 
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has  been  made  in  this  direction  by  Continental  brewers, 
an  advance  that  is  likely  to  exercise  a momentous 
influence  in  the  immediate  future  in  England,  since 
I have  no  hesitation  in  saying  that  quite  one  half  of 
the  difficulties  of  English  workers  turns  upon  the  em- 
ployment of  yeast  that  is  either  diseased,  weakly,  or 
different  in  type  to  that  which  should  he  used  for  the 
special  worts  that  they  may  be  producing. 

Now  Pasteur  in  his  work  on  Fermentation  explained 
methods  of  purifying  yeast,  but  found,  as  indeed  he  pu^^ficatlon. 
was  forced  to  admit,  that  the  very  steps  taken  for 
determining  the  purity  of  commercial  yeast  led  un- 
fortunately to  the  extermination  of  certain  species  of 
alcoholic  ferments,  which  apparently  had  a great  deal  to 
do  with  the  flavour  and  general  character  of  resulting 
beers  when  the  yeast  of  the  brewery  was  employed  in 
ordinary  normal  condition  without  having  been  sub- 
mitted to  purification  of  any  land.  In  other  words, 

Pasteur  was  forced  to  see  that  the  purification  of  an 
ordinary  commercial  yeast  by  the  brewer  himself  was 
not  a successful  process. 

The  existing  method,  however,  devised  and  perfected 
by  Hansen,  although  based,  no  doubt,  upon  the 
original  view  of  Pasteur,  is  perfectly  reliable  and  prac- 
tically successful,  the  details  of  the  process  also  being 
totally  different  to  those  suggested  by  Pasteur  himself. 

By  this  method  the  special  type  of  alcohohc  ferment 
required  is  first  secured  in  the  shape  of  one  single  cell,  singie-ceii 

yeast. 

while  this  is  subsequently  cultivated  until  it  reproduces 
itself  to  a sufficient  extent  for  use  in  practical  opera- 
tions. Once  having  secured  a sufficient  quantity  of 
seed  of  specified  type,  it  can,  of  course,  be  reproduced 
at  will,  while  it  is  easy,  even  for  the  practical  brewer,  to 
understand  that  at  some  central  depot  many  varieties 
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of  yeast  can  thus  be  cultivated  in  a state  of  absolute 
purity,  these  being  eventually  banded  over  to  the  brewer 
as  pitching  yeast  of  pure  quality,  giving  him  full  con- 
fidence not  only  that  the  resulting  fermentation  will  of 
necessity  prove  satisfactory  (which  is  more  than  can  be 
said  indeed  for  many  of  the  fermentations  taldng  place 
in  English  breweries  at  the  present  time),  but  that  the 
finished  beer  also  will  have  the  desired  flavour. 

Yeast  changes  How  often  is  it,  may  I ask,  that  the  Enghsh  brewer 
factory.  ig  disappohited  with  the  results  of  a yeast  change? 

The  fermentation  appearances  are  frequently  thoroughly 
unsatisfactory,  while  the  clarification  of  beer  so  pitched 
is  equally  dubious.  Camiot  my  readers  see  that  this 
depends  upon  not  having  obtained  in  the  first  instance 
either  a yeast  of  sufficient  purity,  or  of  a type  suited  to 
the  character  of  wort  in  which  it  is  pitched  ? How  can 
they  possibly  know  whence  such  yeast  comes  if  ob- 
taining it  through  a factor  who  simply  secures  from  the 
brewer  what  may  be  described  as  surplus  yeast,  a type 
of  barm  that  would  not  be  used  very  hkely  by  the 
brewer  for  his  own  purpose,  and  which  he  is  only  too 
glad  to  get  rid  of  at  a remunerative  price  ? 

The  process,  therefore,  that  is  now  developing  abroad 
of  cultivating  diflerent  species  of  yeast  in  a state  of 
absolute  pmity  would,  if  practised  in  England,  put  an 
end  to  many  of  those  unsatisfactory  results  that  are 
only  too  common  at  the  present  day.  The  same  general 
idea  is  likely  to  develope  even  in  reference  to  wine 
manufacture,  the  spontaneous  fermentation  yeast  now 
relied  upon  sometimes  being  more  or  less  defective, 
this  being  occasioned  by  the  different  condition  of 
“ grape  must  ” as  due  to  changes  in  character  of  soil 
and  climatic  conditions,  which  must  of  necessity  influ- 
ence such  fruit  as  grapes  exactly  as  it  does  the  repro- 
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duced  seed  of  barley.  It  is  in  this  particular  direction, 
therefore,  that  we  are  likely  to  see,  within  the  next  few 
years,  great  alterations,  arising  from  a more  careful  dis- 
crimination on  the  part  of  brewers  in  selecting  yeast 
changes  for  use,  in  view  of  the  knowledge  that  there 
are  many  types  of  alcoholic  yeast,  and  that  their  purging 
or  assimilative  capacity  depends  wery  much  upon  type 
and  the  conditions  under  which  they  have  been  pre- 
viously cultivated. 

I believe  that  in  the  original  chapter  on  Fermenta- 
tion, I sufficiently  detailed  the  connection  that  existed 
between  oxygen  and  yeast,  showing  that  any  small 
quantity  of  air,  introduced  directly,  facilitated  fermenta- 
tion, while  excess  tended  to  modify  the  alcoholic 
activity  of  a yeast,  increasing  at  the  same  time  its 
assimilative  tendency,  and  that  if  this  view  were  carried 
out  to  its  literal  termination,  we  could  secm’e  a yeast 
perfectly  incapable  of  causing  alcoholic  change,  while 
growing  vigorously  itself  as  an  assimilative  type  of 
aerobian  vegetable. 

I presume  that  all  will  be  ready  to  admit  that  if  air 
is  used  at  aU  during  fermentation  with  the  idea  of 
accelerating  alcoholic  energy  of  yeast,  it  is  advisable 
to  employ  it  in  a state  of  pm’ity,  the  ordinary  atmo- 
sphere varying  widely  in  this  respect,  being  very 
pure  in  certain  districts  or  at  certain  altitudes,  very 
impure  in  places  contiguous  to  large  towns,  or  during 
extremely  dry  weather,  when  chmatic  temperature  is 
also  high. 

Pasteur  has  stated  that  all  wort  contained  an  excess 
of  air  in  free  condition  ; but  I am  afraid  that  this 
eminent  scientist  always  presumed  that  a brewer  passed 
his  wort  over  extensive  coolers,  and  employed  yeast  in 
fully  matured  condition,  requiring  no  great  supply  of 
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free  air  to  revive  or  encourage  it  in  causing  definite 
alcoholic  change.  Now  in  direct  reference  to  this  view, 
let  any  brewer  pitch  yeast  in  the  ordinary  way  -with 
some  warm  wort,  and,  before  adding  it  to  the  collecting 
wort  in  fermenting  vessel,  let  him  energetically  aerate 
such  mixture,  allowing  the  yeast  to  expand  and  possibly 
commence  budding  at  the  favourable  temperatm’e  of 
wort,  aided  in  such  development  by  the  presence  of  the 
large  excess  of  air  introduced  by  the  whisking  process. 

Let  another  case  be  taken  in  which  the  same  yeast  in 
similar  proportion  is  merely  mixed  with  some  cold  wort 
and  pitched  in  main  bulk,  collected,  in  fact,  without 
intermixture  with  warm  wort,  or  any  very  definite 
aeration.  Headers  will  easily  understand  what  follows  : 
the  fermentation  of  the  first  portion  of  wort,  pitched 
as  described,  will  be  very  much  more  satisfactory  from 
commencement  to  finish,  while  the  second  method  of 
effecting  pitching,  although  it  may  possibly  enable  the 
brewer  to  escape  some  slight  duty  charge,  will  prove 
thoroughly  unsatisfactory  in  every  way. 

The  reason  for  this  surely  is  apparent,  since  the  first 
portion  of  pitching  yeast  referred  to  was  encouraged  in 
its  preliminary  development  by  conditions  involving 
warmth  and  the  presence  of  an  excess  of  air  in  contact 
with  it,  so  that,  as  a result  of  the  pitching  operation,  it 
finally  passed,  no  doubt,  into  gathered  wort  in  a more 
or  less  matm'ed  and  budding  condition.  It  is  for  this 
reason  that  all  wort  as  collected  for  fermentation  should 
contain  a sufficiency  of  free  air,  in  order  to  determine 
this  necessary  alcohohc  energy  of  yeast  dmdng  the 
early  stages  of  attenuation,  since  the  quantity  of  air 
contained  natm-ally  by  wort  must  depend  very  much 
upon  the  time  of  year,  the  depth  at  which  such  wort 
existed  on  coolers,  the  speed  with  which  it  was  re- 
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fi’igerated,  and  the  description  of  cooling  machine 
through  which  it  passed  on  its  way  to  collection  vessel, 
while  much  also  hinges  upon  the  manner  in  which  wort 
is  collected  as  running  to  such  vessel. 

I am  -perfectly  aware  that  cold  air  introduced  in  Danger  of  ex- 

^ ''  , cessive  aeration. 

large  excess  may  do  a great  deal  of  harm,  encouraging 
yeast  merely  in  alcoholic  sense,  while  giving  it  a vigour 
that  must  practically  prove  detrimental,  lessening  at 
the  same  time,  indeed,  its  otherwise  distinctive  assimi- 
lative character.  On  the  other  hand,  there  is  every 
reason  to  believe  that  a very  distinct  supply  of  pure 
cold  air  is  desirable  ; while,  in  carrying  out  the  prin- 
ciple of  application,  it  is  advisable  to  introduce  such  air 
at  the  time  when  its  addition  must  of  necessity  accom- 
plish some  good,  adding  it  also  in  a state  of  absolute 
pm’ity,  such  recommendable  condition  being  easily  ar- 
rived at  either  by  the  system  of  water  washing  carried 
out  practically  in  pneumatic  maltings,  or  otherwise  by 
the  filtration  of  air  through  cotton  wool. 

The  temperatm’e  of  such  air  also  requires  some  Temperatm-e  of 

introduced  air. 

notice,  Since  it  should  not  be  introduced  so  as  to  cause 
either  definite  heating  or  cooling  ; while  if  employed  in 
keeping  down  the  temperature  of  atmosphere  imme- 
diately above  the  level  of  fermenting  wort,  it  is  ad- 
■visable  that  the  temperature  of  the  air  so  used  should 
be  sufficiently  low  to  enable  it  to  control  the  heat  of  the 
atmosphere  in  question. 

The  plant,  therefore,  that  has  previously  been  re-  Aeration  plant, 
ferred  to  as  being  of  sei-sfice  for  determining  hot  aera- 
tion of  mash  or  copper  wort,  may  serve  also  the  recom- 
mendable purpose  of  giving  us  the  requisite  supply  of 
cold  air,  this  being  cooled  practically  when  in  com- 
pressed condition,  so  that,  on  release  from  pressui’e,  it 
immediately  expands  and  becomes  cooler  still.  When 
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introduced  in  limited  quantity  to  fermenting  wort,  at 
early  stages  of  fermentation  when  temperatme  of  fluid 
is  not  high,  it  could  not  to  any  extent  interfere  with 
steadiness  of  rise  ; while,  on  the  other  hand,  continually 
blown  as  a blast  over  the  surface  of  fermenting  wort,  it 
would  still  possess  the  capacity  of  determining  pmdty 
of  atmosphere  immediately  above  wort,  and  its  gradual 
cooling  at  the  same  time. 

I have  previously  called  attention  to  the  fact  that 
brewers  have  been  well  advised  in  erecting  their 
breweries  in  parts  of  the  country  where  the  surround- 
ing atmosphere  is  more  or  less  free  from  any  excess  of 
aerial  dust,  while  I have  repeatedly  pointed  out,  in  the 
case  of  pneumatic  malting,  that  the  absence  of  mould 
from  either  cut  or  damaged  corn  and  the  slowness  of 
putrefactive  changes,  so  characteristic  of  the  malting 
process,  may  be  directly  ascribed  to  the  fact  that,  in 
order  to  secure  a cold  atmosphere,  the  maltster  has  suc- 
ceeded in  washing  out  the  whole  of  the  suspended 
impurities,  and  thus  passes  into  his  germinatmg  room 
an  atmosphere  free  from  all  possible  cause  of  either 
mould  or  putrefaction ; he  washes  out,  mdeed,  all  aerial 
dust — mineral,  organic,  and  organised.  It  would  be 
well  indeed  if  brewers,  erecting  new  buildings  or  special 
fermenting  rooms,  would  keep  this  simple  fact  m mind, 
since  to  me  it  seems  perfectly  possible  to  practically 
arrive  at  an  atmosphere  of  sufficient  purity,  and  one  that 
would  vastly  improve  the  general  results  of  fermentation 
as  at  present  carried  out.  In  many  parts  of  the  country 
the  ordinary  atmosphere  is  so  vitiated,  that  not  only 
are  the  materials  and  vessels  we  use  in  the  production 
of  beer  coated  with  an  excess  of  aerial  matter  of  very 
detrimental  nature,  but  our  worts,  also  exposed  for 
lengthy  periods  on  coolers,  must  of  necessity  take  up  in 
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like  manner  similar  aerial  impurities,  which  sooner  or 
later  exercise  an  influence  of  their  own  when  the  organ- 
ised portion  of  dust  has  once  a free  chance  of  developing 
in  the  nutritive  wort  or  fully  attenuated  beer. 

Continental,  and  even  American  brewers,  are  paying 
attention  to  this  particular  point  by  purifying  the  air 
passing  to  their  fermenting  rooms,  and  by  securing 
pitching  yeast  of  absolute  purity  from  some  central 
agency,  this  having  been  cultivated  specially  for  the 
brewer’s  purpose.  Some  few  English  firms  also, 
recognising  the  importance  of  the  matter  I am  dealing 
with,  have,  indeed,  acted  upon  the  well-demonstrated 
truth  that  beers,  produced  in  country  districts  amid 
pure  air,  are  preferable  in  flavour  and  stability  to 
those  commoner  varieties  brewed  in  large  centres  of 
population ; while  these  latter  would  not,  perhaps,  be 
so  good  even  as  they  are,  if  the  beer  brewed  in  large 
manufacturing  towns  was  not  invariably  speedily  con- 
sumed. Any  step,  therefore,  that  we  can  take  in  the 
direction  of  securing  a supply  of  pure  filtered  air  in  the 
case  of  fermenting  rooms  must  of  necessity  prove  ad- 
vantageous, while,  as  the  circumstances  of  its  introduc- 
tion determine  minimised  temperature  of  entire  bulk  of 
uir  present,  this  also  warrants  its  employment  very 
freely,  especially  during  the  warmer  months  of  the  year. 
The  plant  that  I have  already  specified,  and  which  is 
•duly  illustrated,  gives  the  brewer  at  all  times  the 
limited  supply  of  cold  piu'e  air  that  he  may  desire  to 
utilise  in  favouring  alcoholic  capacity  of  yeast,  while 
carefully  preventing  any  excessive  aeration  that  could 
induce  fretfulness  or  prolonged  alcoholic  action. 

The  tendency  of  the  above  remarks  is  justifiable,  I 
think,  if  we  consider  for  a moment  that  English  brewers 
have  been  taking  measures  during  the  last  few  years  to 
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Deterioration  of  prevent  more  or  less  the  usual  rapid  deterioration  of 
yeast. 

yeast.  English  brewers,  in  fact,  have  been  paying  fax- 
more  attention  lately  to  the  temperatm-e  of  such  yeast 
existing  in  union  stillions  or  floating  upon  the  surface 
of  fermenting  wort,  and  have,  in  many  cases,  fitted 
up  yeast  storage  rooms  in  which  the  young  yeast  can 
be  placed  under  conditions  favom-ing  its  development, 
without  possibility  of  putrefaction  or  wealmess  resultuxg. 

It  is  a well-known  fact,  I believe,  that  yeasts  of 
the  present  day,  for  reasons  in  connection  with  the 
altered  character  of  mash  wort,  are  not  quite  so 
capable  of  withstanding  the  combined  action  of  heat, 
agitation,  and  intermixture  of  air,  as  the  store  barm  of 
many  years  ago,  which  was  always  reproduced  from 
an  entire  malt  wort,  and  naturally  collected  fi-om  a 
cleansing  beer.  It  is  mainly  for  this  reason,  indeed, 
that  brewers  have  been  driven  to  partially  modify  skim- 
ming methods,  and  take  greater  care  of  the  skimmed 
yeast  after  its  removal,  all  steps  in  this  dn-ection  turning 
upon  the  principle  of  minimising  agitation,  and  facili- 
tating separation  of  yeast  from  fluid  before  finally 
storing  such  young  yeast  under  conditions  of  tempe- 
rature tending  to  prevent  fretfulness  or  ready  change. 

A very  simple  experiment  will  serve  to  prove  the 
injury  that  results  from  any  intermixture  of  either  wai-m 
or  impure  air  with  young  yeast,  and  the  necessity  that 
exists  at  all  times  for  determining  a rapid  separation  of 
yeast  from  fluid,  since  the  principle  of  successfully 
storing  pitching  yeast  should  turn  upon  the  idea  of 
favouring  interior  physical  development,  while  prevent- 
ing at  the  same  time  all  possible  budding,  the  storage 
conditions  therefore  being  exactly  the  reverse  of  those 
governing  the  preparation  of  yeast  for  alcoholic  fer- 
mentation. 
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If  readers  will  refer  back,  they  will  note  that  these  fer- 
mentation conditions  turn  upon  warmth,  air  supply,  and 
the  existence  of  the  necessary  nutritive  matter,  while 
the  reverse  conditions  are,  therefore,  cold,  quiescence, 
and  the  separation  of  all  nutritive  matter  when  yeast  is 
sufficiently  expanded,  and  when  we  are  merely  waiting 
for  the  physical  development  of  plasma  in  the  direction 
of  maturity.  This  is  accomplished  easily  enough  in  the 
case  of  either  union  or  puncheon  working,  since  the 
yeast  floating  upon  the  surface  of  fluid  is  kept  cool  by 
attemperating  methods,  the  beer  being  finally  drawn  off 
to  feed  backs,  or  passed  through  filter  bags  when  first 
commencing  to  clarify. 

Li  the  case  of  the  skimming  process,  however,  we 
miss  the  special  advantages  of  cleansing,  since  the  yeast 
skimmed  off  generally  passes  to  yeast  back  or  other 
receptacle  with  considerable  intermixtm’e  of  beer,  while 
the  drop  of  the  fluid  yeast  through  parachutes  invariably 
intermixes  a large  quantity  of  air  that  is  neither  pure 
nor  cool,  each  intermittent  skimming  leading  also  to 
extreme  agitation,  this  introducing  further  quantities 
of  air,  the  action  of  which  must  be  exceedingly  detri- 
mental. 

Now  the  experiment  that  I suggest  above  is,  that  yeast 
should  be  skimmed  into  a canvas  filter  bag  with  very 
considerable  drainage  area,  and  as  this  will  facilitate 
rapid  separation  of  fluid,  and  prevent  all  intermixture 
of  ah’,  it  will  be  found  that  skimmed  yeast  collected 
under  such  circumstances  will  matm’e  much  more  per- 
fectly than  if  removed  from  beer  under  ordinary  con- 
ditions, and  collected  in  some  yeast  back  without  any 
means  of  controlling  temperature,  or  minimising  that 
agitation  and  induced  aeration  that  I have  referred  to 
as  being  so  very  detrimental  at  this  particular  time. 
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It  has  always  appeai’ed  to  me  as  strange  that 
the  great  mass  of  English  brewers  have  taken  no 
steps  whatever  in  the  direction  of  controlling  tempera- 
ture of  yeasty  heads  ; these  were  controlled  naturally, 
and  perhaps  more  or  less  satisfactorily,  when  the  cleans- 
ing system  was  universally  practised,  since  the  beer  was 
cleansed  at  earlier  stages  of  gravity,  and  when  tempe- 
ratm-e  of  wort  was  not  very  high,  while  collecting  in 
stillions  of  considerable  area,  the  rapidly  resulting 
evaporation  apparently  prevented  any  great  rise  in  heat 
of  yeast  as  collected. 

On  the  other  hand,  when  adopting  the  skimming 
process,  brewers  forget  that  temperature  of  ferment- 
ing wort  increases  to  such  an  extent  prior  to  the 
removal  of  yeast  outcrops  that  aU  barm  existing  on 
the  surface  of  wort  rises  in  heat,  frequently  reaching 
a limit  of  10°  or  15°  in  advance  of  the  temperature 
of  the  fermenting  fluid,  such  rise  of  heat  bemg 
in  no  way  controlled,  although  the  union  brewer, 
recognising  the  influences  at  work  in  his  very  rapid 
system  of  attenuation  (the  employment  of  union  casks 
having  a great  deal  to  do  with  this),  has  been  ivise 
enough  to  regulate  temperature  of  yeast  outcrops  in 
stillion  by  ingenious  methods  of  attemperation.  Well 
indeed  would  it  be  for  the  skimming  brewer  if  he  would 
only  take  the  same  course.  I can,  therefore,  commend 
the  principle  of  moving  young  yeast  as  freshly  skimmed 
into  water -jacketed  slate  squares,  these  being  placed  in 
a special  room  in  which  a quiescent  and  cool  atmo- 
sphere can  be  kept  without  any  possibility  of  the 
surrounding  air  becoming  contaminated  by  eftiuvia 
from  drams,  or  the  decomposing  bye-products  of  the 
brewery. 

The  advantages  of  such  a step  will  be  apparent  to 
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those  who  know  anything  at  all  of  the  subject  of  yeast 
and  its  contamination,  and  who  recognise  that  a Conti- 
nental worker  is  fully  justified  in  giving  the  deep 
attention  that  he  does  to  the  absolute  purity  of  the 
intching  yeast  that  he  employs,  while  I am  confident 
that  the  methods  I have  specified  as  a means  of 
improving  the  general  quality  of  yeast  are  far  pre- 
ferable in  every  way  to  the  alternative  and  not  very 
recommendable  agencies  of  yeast  washing,  since  the  Yeast  washing, 
physical  structure  of  yeast,  consisting  as  it  does  of 
a porous  envelope  containing  interior  soluble  matter 
of  nitrogenous  type,  should  prove,  even  to  the  most 
sceptical  worker,  that  such  method  of  determining 
the  purity  of  yeast  must  of  necessity  be  detrimental 
to  its  quality.  It  is  far  better,  indeed,  to  battle  with  the 
primary  cause  of  defect,  and  decide  purity  of  yeast  by 
class  of  material  and  cleanliness  of  plant  employed, 
while  determining  prolonged  strength  by  cultivating 
such  yeast  under  conditions  of  growth  that  will  prevent 
the  slightest  weakness,  finally  collecting  and  storing  it 
under  circumstances  that  will  minimise  the  chances  of 
deterioration. 

There  is,  perhaps,  one  little  matter  in  reference  to 
yeast  storage,  that  should  not  escape  notice,  suice 
many  workers  actually  spoil  pitching  yeast  by  di’ain- 
ing  from  it  not  a clear  fluid,  but  a fluid  that  has 
intermingled  with  it  a large  excess  of  very  recom- 
mendable yeast  too  dense  and  heavy  to  float  perfectly. 

I am  quite  aware  that  bottom  yeast  in  an  Enghsh  Bottom  yeast, 
fermentation  may  be  regarded  generally  as  a sign  of 
weakness  or  unfitness  for  use  ; but  such  yeast  as  that 
I am  now  specifying  cannot  he  classed  as  inferior 
bottom  yeast  in  any  sense  of  the  word,  since  it  merely 
exists  in  a condition  of  gra-sdty  that  carries  it  to  the 
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bottom  of  tlie  fluid  in  wliicli  it  is  suspended.  If  yeast 
stillions  are  drained  carelessly,  we  actually  draw  off 
some  of  tbe  most  perfect  physical  yeast  that  could  pos- 
sibly be  selected,  far  preferable,  indeed,  to  the  more 
buoyant  forms  of  yeast  existing  on  the  surface  of  the 
attenuated  beer,  frequently  blown  out  as  it  is  into  fluffy 
condition  by  want  of  viscidity,  and  under  the  influence 
of  the  escaping  carbonic  acid  gas. 

I naturally  come  now  to  the  question  of  possible 
yeast  reproduction,  this  leading  on  to  the  subject  of  yeast 
feeding. 

It  is  sufficiently  easy  to  understand  why  yeast  re- 
production at  the  present  day  is  at  times  a matter 
of  such  extreme  difficulty.  Take,  for  instance,  half- 
grown  malt,  mash  this  at  a low  heat,  and  boil  off  the 
resulting  wort  in  a single  length  at  a gravity  of  25  or 
26  lbs.,  and  there  will  be  no  great  difficulty  in  securing 
a very  satisfactory  yeast  crop ; while,  on  the  other  hand, 
if  we  only  recognise  the  fact  that  much  of  the  over- 
vegetated malt  of  the  present  day  is  frequently  mashed 
with  liquor  at  very  high  temperature,  that  worts  are 
boiled  off  in  several  lengths,  the  boiling  operation  being 
very  prolonged  and  quantity  of  hop  extract  present  very 
marked,  we  shall  see  that  no  great  wonder  can  be  felt 
that  satisfactory  reproduction  of  yeast  under  such  cir- 
cumstances may  prove  to  be  more  or  less  difficult. 

In  the  case  of  overgrown  malt,  in  which  the  indices 
of  extended  vegetation  are  to  be  seen  in  excessive  root 
percentage,  and  a full  extension  of  spire,  even  to  the 
extremity  of  the  grain,  is  it  not  evident  that  such 
root  and  spire  must  of  necessity  be  composed  of  the 
very  same  forms  of  soluble  albuminous  matter  as 
favour  the  after-reproduction  of  yeast  ? It  is  inter- 
esting, indeed,  to  note  that  certain  yeast  factors 
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employ  an  infusion  of  malt  dust  as  feeding  material, 
steeping  such  bye-product  in  water  in  order  to  obtain 
fi-om  it  some  particular  form  of  nutriment.  Such  a pro- 
ceeding as  this  is,  of  course,  impossible  in  connection 
with  practical  brewing.  It  would,  indeed,  be  thoroughly 
■erroneous  in  principle,  since  the  factor  may  be  justified 
in  using  albuminous  matter  that  has  already  been 
worked  upon  in  favouring  growth  of  grain  (or  extension 
■of  the  spire  and  root,  which  are  taken  as  evidences  of 
growth),  while  it  is  utterly  impossible  that  such  form  of 
nitrogenous  matter  could  be  in  a favourable  condition 
(even  if  soluble)  to  warrant  its  employment  in  the 
feeding  of  pitching  yeast  in  the  special  direction  that 
I am  about  to  refer  to. 

It  is  quite  true  that  the  recent  abandonment  of  the 

■old  method  of  malting,  which  may  be  summed  up  in 

the  phrase  “ modification  without  forced  growth,”  has  Forced  growth 
^ .....  0^  malt. 

decidedly  led  to  exhaustion  of  grain  in  a direction  little 
understood.  The  malt,  uideed,  may  possibly  be  more 
buoyant  and  friable,  it  may  yield  with  greater  ease  the 
bright  wort,  the  more  stable  beer,  but  what  it  does  not 
give  is  that  particular  form  or  type  of  nitrogenous  matter 
that  determines  at  once  through  its  agency,  when  exist- 
ing in  combination  with  certain  phosphates,  the  promi- 
nent yeast  reproduction  which  places  the  brewer  securing 
it  in  a very  commanding  position,  and  quite  free  from 
obligations  to  neighbours,  who  are  invariably  more  or 
less  jealous  in  reference  to  yeast  supply,  and  who 
seldom  take  the  trouble  to  select  the  particular  kind  of 
yeast  that  would  answer  the  purpose  of  competitors 
in  the  trade  that  they  are  called  upon  to  supply. 

This  is  not  all,  since  each  description  of  wort  pro-  Yeast  types, 
duced  requires  a certain  type  of  yeast  for  its  perfect 
attenuation  and  purging  ; and  although  it  is  possible  to 
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secure  almost  from  anywliere  some  form  or  description 
of  yeast,  the  imported  barm  is  seldom  capable  of  deter- 
mining attenuation  and  purging  at  the  same  time,  but 
is  seen  to  gain  in  purging  capacity  after  each  succeeding 
reproduction,  if  only  the  reproduced  seed  is  satisfac- 
tory in  point  of  physical  strength. 

Here,  then,  we  confront  at  once  the  somewhat  tanta- 
lising difficulty  of  many  brewers,  since  if  the  material 
they  employ  is  faulty,  if  the  soluble  albuminous  per- 
centage is  low,  it  is  not  likely  that  the  infusion  method 
of  mashing  they  carry  out,  with  the  influence  of  a 
definitely  high  striking  heat,  can  possibly  improve  the 
yeast-reproducing  capacity  of  the  wort  that  such  malt  is 
likely  to  yield,  while  the  main  results  of  this  defect  in 
material  will  soon  show  itself  in  the  shape  of  definite 

Yeast  weakne&s.  yeast  Weakness ; and  if,  with  a kind  of  conservative 
feeling,  the  brewer  insists  upon  employing  his  own 
reproduced  yeast-seed  time  after  time  for  pitching  pur- 
poses, the  second  step  in  the  direction  of  disaster  is 
definitely  courted,  since  when  the  weakness  of  yeast 
advances  to  a certain  point,  it  is  not  long  before  the 
wort  holds  in  suspension  plasmatic  matter  that  should 
have  remained  in  the  yeast  cell,  and  would  have  done  so 
if  such  yeast  had  only  been  allowed  to  retain  its  strength 
and  retentive  capacity. 

Solution  of  yeast  I Call  only  urge  my  readers,  therefore,  to  look  at 

question.  brewing  matters  from  this  special  point  of  view,  and 

solve  the  yeast  question,  so  far  as  mere  nutritive  capa- 
city of  wort  is  concerned,  by  relying  only  upon  the  very 
best  of  malt — malt,  indeed,  of  a certain  standard,  not 
only  well  grown  and  cured,  but  so  cultivated  that  it- 
contains  the  requisite  percentage  of  soluble  albuminous 
matter,  which  should  invariably  stand  at  something  over 
fifty-five  per  cent,  on  total  quantity  present  in  the 
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vegetated  material,  ranging  upwards,  however,  according 
to  quality  of  barley  dealt  with.  The  advice  is,  perhaps, 
the  more  necessary,  shice  with  Enghsh  mashing  plant 
we  are  practically  restricted  to  our  present  method  of 
working,  and  are  therefore  dependent  more  or  less  upon 
the  operations  of  the  maltster  for  after-success  in  brew- 
ing. I am  the  more  anxious,  indeed,  that  readers 
should  look  at  the  subject  from  this  particular  point 
of  view,  because  a lengthy  and  varied  experience  has 
taught  me  that  during  the  summer  months  especially, 
disaster  turns,  as  I endeavoured  to  show  in  Chapter  III., 
partly  on  inefficiency  of  wort  ebullition,  and  very 
much,  as  I am  now  trying  to  prove,  upon  the  use  of 
definitely  weak  and  misatisfactory  yeast,  which  soon 
becomes  impm’e  as  a result  of  Aveakness,  while  a totally 
different  class  of  diseased  ferments  eventually  make 
their  appearance  in  the  fluid  OAving  to  the  final  escape 
of  the  plasmatic  nutriment  from  the  Aveakened  cells. 
So  much  for  possible  yeast  reproduction  in  malt  wort. 

I come  now  very  naturally  to  the  subject  of  yeast 
feeding,  which  developes  into  a necessity,  perhaps,  if  the 
natural  character  of  the  yeast,  taken  as  an  outcrop  from 
a certain  wort,  persistently  indicates  preliminary  eA-i- 
dences  of  weakness  that  may  justifiably  be  overcome  by 
the  adoption  of  some  definite  jilan  of  practical  yeast 
coaxing.  There  is  nothing  to  astonish  breAvers  in  such 
a suggestion,  since  they  are  aware  of  the  fact  that, 
abroad  at  any  rate,  the  cultivation  of  a yeast  from  a 
smgle  cell  is  carried  on.  Yeast  is  also  held  over  from 
season  to  season  in  many  hot  climates  without  becoming 
Avorn  out  or  inert,  Avhile,  before  being  agam  employed 
for  pitching  purposes,  it  is  thoroughly  reAuved  by  culti- 
vation in  a nutritive  fluid. 

If  breAvers  will  persist  in  continually  carrying  on 
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cultivation  of  yeast  in  worts  that  are  destitute  of  the 
necessary  forms  of  phosphates  and  nitrogenous  com- 
pounds, they  can  but  expect  the  results  mentioned 
above,  whereas  if  they  will  only  take  a hint  from  the 
contents  of  this  chapter,  they  may  possibly  be  able  to 
stave  off  disasters  that  would  otherwise  most  certainly 
handicap  their  success. 

The  question  as  to  what  form  of  yeast  feeding  is 
desirable  at  once  presents  itself,  while  from  a recent 
controversy  that  occurred,  we  may  probably  conclude 
that  the  direct  employment  of  phosphate  matter  is  not 
actually  requisite,  since  very  distinct  statements  were 
made  in  the  dispute  referred  to,  that  worts,  even  from 
defective  types  of  malt,  still  contain  a large  excess  of 
phosphoric  acid  compounds.  In  this  matter,  however, 
we  may  as  well  proceed  on  the  idea  of  supplying  yeast 
with  the  exact  kind  of  nutriment  it  would  meet  -with  in 
wort  of  good  quality ; and  what  plan  could  be  more 
simple  than  to  prepare,  day  by  day,  a small  quantity  of 
very  concentrated  wort  from  malt  of  excellent  type,  m- 
fusing  this  at  a very  low  heat,  and  finally  concentrating 
the  resultmg  wort  by  ebullition,  since  this  Avill  not 
interfere  with  fully  digested  forms  of  nitrogenous  matter, 
the  more  especially  as  such  wort  is  not  impregnated,  of 
course,  with  ho^D  extract.  The  concentrated  fluid  is, 
after  ebullition,  cooled  and  rapidly  filtered  through 
flannel,  to  remove  suspended  coagulated  matters,  and 
finally  intermingled  with  the  weighed-up  portion  of 
pitching  yeast  two  or  three  hom'S  before  main  bulk  of 
breAving,  for  Avhich  this  yeast  is  intended,  passes  to  the 
collecting  vessel. 

The  principle  of  yeast  feeding,  therefore,  according 
to  this  view,  depends  upon  taking,  day  by  day,  not 
merely  an  ordinary  strong  cooler  Avort  as  collected  for 
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pitching  purposes,  but  a special  type  of  wort  secui’ed 
from  perfect  material  at  a low  infusion  heat,  concen- 
trating this  so  as  to  have  a large  quantity  of  yeast  ^-pa^tion^an^ 
nutriment  in  a small  bulk  of  fluid.  This  method  of 
yeast  coaxing  is  thoroughly  successful  wherever  it  is 
practised,  while  a bushel  of  malt  manipulated  in  the 
way  described  should  yield  a sufficiency  of  wort  for 
100  lbs.  of  yeast. 

Many  brewers  have,  without  due  thought,  attempted 
a makeshift  plan,  taking  some  of  the  first  wort  as  run- 
ning from  an  ordinary  mash,  but  such  proceeding  is 
worse  than  useless  in  cases  of  extreme  yeast  weakness, 
since  a great  deal  of  trouble  is  taken  without  any 
advantage  resulting.  I can  definitely  specify,  indeed, 
that  the  yeast  feeding  wort  must  be  from  malt  of 
the  best  quality,  the  extract  must  be  obtained  on  true 
Continental  lines,  while  the  reader,  once  gaining  con- 
fidence in  the  proceeding,  can  naturally  increase, 
according  to  requirements,  the  quantity  of  such  feeding 
wort  employed,  since  such  fluid  extract  actually  costs 
nothing  but  the  trouble  of  preparation.  The  surplus 
portion  of  weak  wort  from  the  miniatm'e  mash,  or 
the  goods  and  wort  together,  may  be  transferred  to  the 
ordinary  mash  tun  as  soon  as  the  limited  proportion  of 
strong  wort  has  been  obtained. 

I may  suggest,  in  reference  to  the  practical  prepara- 
tion of  this  wort,  that  the  mash  should  be  made  with 
liquor  at  a temperatme  of  110°,  while  about  twenty 
minutes  afterwards  the  initial  heat  should  be  raised 
either  by  intermixture  of  boiling  liquor  or  definite 
hot  circulation  of  wort,  till  a final  initial  of  150°  is 
reached,  when  the  strong  wort  may  at  once  be  run 
off  for  concentration.  I may  as  well  state  here,  to 
prevent  all  misunderstanding,  that  the  Inland  Eevenue  Excise  reguia- 
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authorities  have  no  objection  either  to  the  erection  or 
use  of  a small  plant  for  this  particular  purpose,  and 
readily  grant  permits  for  the  process  itself  being  car- 
ried out,  so  long  as  the  wort  is  collected  with  mam 
portion  of  brewing,  while  if  gathered  otherwise  this 
must  be  in  a specially  entered  vessel,  so  that  duty 
charge  may  be  made  upon  produce. 

I am  powerfully  impressed  with  the  idea  that  if  the 
large  number  of  brewers  at  present  battling  with 
physical  defects  of  yeast,  would  only  give  this  one 
matter  their  careful  attention,  they  would  be  able  to 
rectify  the  physical  defects  in  question,  and  at  the 
same  time  restore  their  barm  to  a state  of  pmity, 
since  there  is  nothing,  perhaps,  that  determines  more 
persistent  impurity  of  yeast,  and  final  disaster,  than 
imperfections  of  original  wort,  facilitating,  as  these 
do,  the  wealmess  of  the  store  barm  first  of  all,  the 
final  results,  as  my  readers  are  aware,  being  acidity 
of  beer  of  persistent  cloudiness,  ropiness,  and  other 
forms  of  disease  which  only  become  apparent  too 
soon. 

If  I now  refer  to  the  subject  of  the  microscope,  it 
is  simply  because  I am  perfectly  certain  that,  in  the  vast 
majority  of  instances,  it  is  used  without  the  necessary 
Imowledge.  To  begin  with,  the  microscopical  instru- 
ment makers  are  far  too  prone  to  advise  chents  to  adopt 
high  powers  ; they  are  naturally  more  expensive,  while 
the  young  brewer  is,  of  com’se,  very  pleased  to  see 
alcoholic  yeast  enlarged  to  such  an  extent  as  “to  look 
well,”  as  he  terms  it,  forgetting  altogether  that  when 
such  yeast  is  so  magnified  as  to  be  seen  with  great 
readiness,  the  probability  is  that  the  yeast  is  not  only 
distorted  in  itself,  but  its  interior  physical  develop- 
ment is  more  or  less  out  of  focus,  the  impurities  also. 
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and  for  a similar  reason,  often  not  being  seen  at  all. 
In  my  opinion,  therefore,  the  brewery  pupil  or  young 
brewer  should  attempt  to  secure  an  instrument  with 
the  following  qualifications first,  great  weight  and 
stability  {ie.,  one  that  will  remain  free  from  vibra- 
tory movement) ; secondly,  low  powers,  i.e.,  a low 
combination  of  one-fifth  or  one-sixth,  with  deep  eye- 
piece ; and  thirdly,  a very  powerful  illuminating  agency, 
since  a strong  and  perfectly  pure  reflected  hght  will 
pass  direct  through  yeast  to  the  retina  of  the  eye,  and 
enable  the  observer  to  determine  not  only  general  form 
but  true  interior  development  of  yeast,  while  if  the  light 
is  not  sufficiently  strong  it  does  not  penetrate  in  the 
same  manner,  nor  carry  to  the  retina  the  same  impres- 
sions. There  is  little  doubt,  indeed,  that  the  large  bulk 
of  yeast  which  looks  fairly  well  on  the  sub-stage  of  a 
microscope  inefficiently  illuminated,  would  examine  out 
as  being  weakly  and  physically  imperfect  if  viewed 
mider  the  agency  of  a powerful  clear  white  light  pro- 
perly reflected,  or  more  strictly  spealdng,  properly 
concentrated  and  reflected ; while  the  benefit  of  relying 
upon  a combination  of  low  powers  is  to  be  noted  chiefly 
in  the  fact  that  you  can  focus  yeast,  its  interior  struc- 
tural formation,  and  disease  in  the  shape  of  foreign 
ferments,  at  one  and  the  same  time — a highly  desirable 
result,  not  usually  obtainable  when  any  of  these  neces- 
sary conditions  of  examination  are  wanting. 

In  other  words,  we  do  not  require  to  see  merely  a 
number  of  circular  organisms,  since  we  all  know  that 
yeast  is  either  oval  or  round  in  shape ; nor  do  we  require 
to  deceive  ourselves  by  arrivuig  at  what  I may  term  a 
pretty  picture  of  yeast.  It  is  necessary,  indeed,  that 
we  should  know  something  about  the  interior  physical 
structure,  and  it  is  only  a good  combination  of  powers 
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and  a perfect  light  that  shows  this  to  us  ; while,  iu  the 
great  majority  of  instances,  if  the  interior  structure  is 
perfect,  we  may  save  ourselves  the  trouble  of  looking 
for  impurities,  since  there  will  be  none,  or  at  any  rate 
very  few,  present. 

It  is  in  this  direction  that  grave  mistakes  have  no 
doubt  been  made  in  reference  to  yeast  examination,  the 
observer  merely  looking  for  impurities,  and  talking  of 
intermixed  sticks  and  bacilli  generally,  while  giving  but 
scant  attention  to  regularity  in  size  of  cells,  interior 
structure,  and  type  of  alcoholic  yeast  present.  I am  not 
very  far  wrong  in  expressing  the  opinion,  therefore, 
that  brewers,  or  a large  majority  of  them,  got  on  very 
much  better,  when  determining  fitness  of  yeast  for  use, 

observing  simply  its  colour,  chnging  capacity,  vinosity, 
yeast.  rapid  alcoholic  development,  and  satisfactory  reproduc- 

tion, than  by  relying,  as  many  do  at  present,  solely  upon 
the  use  of  a microscope,  which  they  employ,  not  for  the 
specified  purposes  that  I have  named,  but  merely  for 
seeing  whether  the  yeast  sample  presents  an  intermix- 
ture of  round  or  oval  cells,  contenting  themselves  with 
this  delusive  view,  and  frequently  employing  yeast,  on 
the  basis  of  such  examination,  that,  both  physically 
and  in  point  of  purity,  is  perfectly  unsuited  for  their 
I’equirements. 

This  statement  should,  indeed,  constitute  a definite 
warning,  and  I would  advise  my  readers  either  to  care- 
fully study  the  working  of  the  microscope,  and  the 
bearing  of  the  enlarged  views  of  yeast,  as  regards 
structure  and  degree  of  purity,  that  can  only  be  deter- 
mined by  its  aid  so  long  as  they  rely  upon  a suitable 
combination  of  definite  powers  and  a sub-stage  properly 
illuminated,  or  to  go  back  to  the  old-fashioned  plan  of 
selecting  yeast  on  the  basis  of  totally  different  signs. 
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a ready  capacity  of  separating  from  its  fluid  portion 
being  perhaps  one  of  the  most  important. 

The  Appendix  remarks,  therefore,  on  the  subject  of  B^sume. 
fermentation,  have  so  far  tm-ned  upon  a lengthy  re- 
ference to  the  true  connection  existing  between  limited 
supply  of  air  to  alcoholic  yeast,  the  necessity  for  purity 
of  atmosphere,  and  the  influence  of  a deflnite  cold 
atmosphere  in  determining  purity  of  yeast  and  its 
stability  during  periods  of  maturing. 

I have  also  tried  to  detail  the  causes  of  yeast  weak- 
ness and  the  methods  of  overcoming  such  defect,  while 
I have  concluded  by  an  explanation  of  microscopical 
worldng,  in  which  I have  tried  to  show  that  the  micro- 
scope as  a brewery  instrument  is  worse  than  useless, 
unless  so  used  that  we  can  determine  through  its 
agency  the  real  quality  of  yeast  as  distinct  from  a 
deceptive  appearance,  determining,  indeed,  when  using 
it  properly,  the  true  value  of  barm  in  far  more  perfect 
manner  than  when  examining  it  in  the  old-fashioned 
casual  way,  by  taste  and  eye  judgment,  depending,  as 
we  then  did,  upon  the  peculiar  characteristics  already 
specified. 
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CHAPTER  V. 

THE  STORAGE  OF  BEER — RACKING  CONDITION — FINING 
OPERATION — TREATMENT  DURING  STORAGE — TREAT- 
MENT OF  “ RETURNS  ” — THE  STERILISATION 
PROCESS. 

The  contents  of  the  present  chapter  refer  to  subjects 
of  the  most  extreme  importance,  and  I cannot  do  better, 
perhaps,  than  commence  by  saying  that  brewers’ 
troubles  have  been  more  prevalent  since  the  time 
that  plant  arrangements  facilitated  clean  racking  con- 
dition of  beer,  and  export  necessities  determined  the 
consignment  of  such  beer  to  distant  outlets. 

It  will  not  be  difficult  to  make  this  statement  per- 
fectly clear,  since,  some  twenty  years  back,  trade  was, 
practically  spealdng,  very  local,  while  before  this  time 
the  method  of  cleansing  and  racking  carried  on  turned 
almost  entirely  upon  purging  the  beer  in  the  identical 
casks  in  which  it  was  shipped  to  the  consumer,  so  that 
what  we  may  call  condition  of  beer  at  time  of  shipment 
ran  in  connection  with  the  existence  in  the  fluid  of  a 
considerable  quantity  of  yeast,  young  in  natm-e,  which 
exercised  a most  characteristic  preservative  influence, 
far  more  so,  perhaps,  than  the  influence  of  modern 
antiseptics,  such  as  sulphites,  salicylic  acid,  and  so 
forth. 

Now,  as  trade  developed  under  the  favouring  influence 
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of  railway  communication,  agencies  became  established, 
and  brewers  gradually  drifted  into  the  system — in  many 
cases  a most  costly  and  disastrous  one — of  consigning  a 
very  large  proportion  of  their  total  output  to  agencies 
at  some  considerable  distance  from  the  brewery,  while 
placing  such  beer  in  charge  of  men  who,  as  a rule,  had 
no  previous  training  in  reference  to  practical  brewing 
operations,  and  who  consequently  were,  and  still  are, 
apt  to  neglect  beer,  regarding  it  as  a mere  saleable 
article  which  should  retain  its  condition  and  capacity 
of  fining  from  day  to  day  or  week  to  week. 

Now,  how  does  the  question  of  racking  condition  of 
beer  bear  upon  this  particular  subject?  In  this  way,  and 
I would  beg  my  readers  to  give  careful  attention  to  the 
statement : — The  general  tendency  of  beer  drinkers 
during  the  last  few  years  has  certainly  been  in  the 
direction  of  favouring  the  production  of  weaker  beers, 
and  these,  naturaUy  being  less  alcoholic  than  stronger 
brands,  are  changeable  in  themselves,  not  only  by  reason 
of  their  minimised  alcoholic  character,  but  because  the 
class  of  extract  maldng  up  the  original  gravity  of 
such  beers  is  entirely  different  to  that  existing  in  the 
case  of  heavier  grades,  while,  as  modern  systems  of 
brewing  and  the  complex  arrangements  of  plant  have 
tended  to  determine  absolute  cleanliness  of  racked 
beer,  I say,  without  fear  of  contradiction,  that  such 
clean  thin  fluid  is  unfortunately  open  to  aeration  and 
acidity  changes  if  remaining  quiescent  in  cask  for  any 
length  of  time  during  the  warmer  weather,  while  no 
extent  of  antiseptic  matter  can  possibly  prevent  such 
change  if  the  beer  remains  persistently  flat. 

Again,  its  clean  condition  means  the  absence  of  much 
gas  that  would  otherwise  be  present,  this  facilitating  the 
more  rapid  absorption  of  air  either  directly  through  the 
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pores  of  the  timber  constituting  the  cask  in  which  the 
beer  is  placed,  or  from  the  atmosphere  existing  above 
the  level  of  the  fluid  in  cask,  so  that,  while  we  are  per- 
petually struggling  to  obtain  clean  racking  samples,  we 
are  perhaps  exposing  our  weak  beers  to  possible  cask 
changes  that  they  would  not  otherwise  midergo.  It 
may  well  be  asked,  then,  why  brewers  have  taken  all 
the  trouble  in  reference  to  improving  brewing  systems 
and  plant  arrangements  to  facilitate  a state  of  things 
that  at  first  sight  may  appear  absolutely  disadvanta- 
geous. Here  again  the  reply  is  ready,  since  it  would  be 
impossible  to  submit  a rough  beer  to  the  trying  influ- 
ences of  lengthy  transit  in  warm  weather,  and  equally 
so  to  subject  it  to  the  suctional  influence  of  the  ordi- 
nary pump  used  by  the  publican  when  drawing  beer 
from  cask  ; while  for  these  two  reasons  brewers  have, 
intentionally  or  no,  given  up  the  idea,  if  it  really  ever 
held  possession  of  them  minds,  of  preserving  beer  from 
change  by  leaving  it  in  rough  condition,  while  they 
have  adopted  the  general  principle  of  determining 
greater  and  greater  cleanliness  as  a necessary  although 
somewhat  deceptive  safeguard,  the  beer  losing  at  the 
very  same  time  that  peculiar  home-brewed  flavour 
characteristic  of  all  beer  pm-ged  from  yeast  and  sent 
to  the  customer  in  the  selfsame  cask. 

Now  the  racking  condition  of  beer  depends  in  a great 
measure  upon  two  simple  influences,  viz.,  the  quantity 
of  amorphous  and  precipitating  matter  that  exists  in 
the  fermenting  wort,  and  the  assimilative  and  buoyant 
capacity  of  the  yeast  employed  for  causing  fermenta- 
tion. A Burton  brewer,  for  instance,  neither  cares  for 
nor  obtains  a very  clean  racking  sample,  his  alcoholic 
yeast  being  too  quick  indeed  for  a wort  somewhat  rich 
in  amorphous  matter  on  account  of  the  excessive  quan- 
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tity  of  hops  used.  Th6  stone  square  brewer,  on  the 
other  hand,  working  with  a slow  assimilative  yeast, 
and  carrying  on  fermentation  during  a great  number 
of  days,  can  purge  a beer  so  thoroughly  that  at 
the  racking  gravity  it  exists  in  a condition  of  glass 
brightness. 

Between  these  two  extremes  we  have  any  number 
of  examples,  cleanliness  of  beer  being  facilitated  by 
the  use  of  sugar,  thin  malt,  medium  action  of  yeast, 
Avhile  turbidity,  on  the  other  hand,  is  determined  by 
the  employment  of  soft  water,  heavy  material,  and 
quick  yeast.  Headers  will  not  overlook,  of  com’se,  the 
immense  influence  also  of  thorough  boiling,  lengthy 
cooler  process,  and  the  employment  of  complex 
fermenting  plant,  embracing  the  use  of  intermediate 
skimming  vessels  and  subsidiary  racldng  tanks. 

This  brings  me  to  the  subject  of  storage,  and  no  one, 
I think,  will  dispute  the  statement  that  beer  should  be 
stored  at  a temperature  not  favom’ing  any  rapid  change 
in  such  a fluid,  such  temperature  being  about  55°. 
Any  higher  range  of  heat  is  forcing  in  its  influence, 
while  variations  are,  generally  speaking,  far  more  de- 
trimental than  the  influence  of  temperatures  abnor- 
mally high,  if  only  such  heats  remain  more  or  less 
constant. 

Now,  if  we  succeed  by  our  brewing  process  in  deter- 
mining actual  clean  condition  of  beer  racked,  what 
steps  should  be  taken  to  prevent  the  changeability  that 
always  results  if  it  is  left  quiescent  in  cask  during  warm 
weather  ? We  should,  of  course,  determine  a ferment- 
ability  not  naturally  brought  about  by  the  pleasing 
racking  condition  of  the  beer  itself  (since  I am  speaking 
of  one  essentially  bright  and  clean),  but  through  the 
agency  of  means  that  are  within  tlie  control  of  every 
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brewer,  but  which  few  brewers  or  their  agents  ever 
think  of  practising. 

The  mere  rolling  of  beer  is,  of  course,  a very  old- 
fashioned  and  natural  method  of  determining  condi- 
tion, since  it  stirs  up  any  sedimentary  yeast  that  may 
exist,  while  inducing  also  the  absorption  of  air  through 
intermingling  the  fluid  with  that  existing  above  the 
level  of  beer  in  cask.  The  movement,  or  rolling,  of  an 
absolutely  clean  beer,  however,  is  of  very  little  use, 
since  the  fluid  contains  no  sedimentary  matter  to  act 
in  the  way  described,  while  mere  aeration  would  be 
detrimental  to  quality,  and  such  beers  consequently  re- 
quire heading  with  “kreising,”  or  the  semi-fermenting 
fluid  which  has  proved  so  successful  in  use  abroad. 
The  “kreismg”  referred  to  merely  consists  of  beer, 
preferably  of  identical  gravity  to  that  of  the  fluid  about 
to  be  treated,  as  existing  in  fermenting  round  on  com- 
pletion of  actual  fermentation,  and  withdrawn  just  as 
the  fluid  is  throwing  up  its  last  films  of  yeast,  which 
are  essentially  pure  and  young  in  physical  development, 
while  the  fluid  holding  such  yeast  in  suspension  is, 
if  judiciously  employed,  perfectly  incapable  of  deter- 
mining turbidity  or  fretful  action  of  any  kind. 

I can  assure  readers,  indeed,  that  this  “kreising” 
can  be  used  with  perfect  safety  for  the  pm’pose  specified, 
since  it  never  determines  siclmess,  tumultuous  ferment- 
ation, or  acidity,  experience  being  only  required  in  the 
direction  of  securing  the  fluid  mentioned  in  the  exact 
condition  in  which  it  is  capable  of  exercising  its  forcing 
influence,  while  incapable  of  determinuig  any  excessive 
fermentative  power. 

Perhaps  the  most  ready  practical  test  for  deciding  the 
condition  or  fitness  of  the  ki-eising  beer  in  question  is 
by  trying  whether  it  will  filter  perfectly  brilliant,  since 
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in  this  case,  although  yeast  may  be  in  suspension,  the 
clear  filtration  proves  that  fermentation  has  entirely 
ended,  and  that  the  lireising  fluid  is  perfectly  ready  for 
use.  Now,  the  quantity  of  such  fluid  required  varies 
enormously,  many  American  brewers  employing  as 
much  as  15  per  cent.,  while  in  English  beers,  added 
as  it  would  be  for  merely  determining  slight  ferment- 
ative action  in  the  cask,  the  proportion  would  never 
exceed,  as  a maximum,  some  3 per  cent.,  while  the 
average,  I think,  would  be  as  low  as  1 per  cent. 

The  importance  of  this  matter  is  extreme,  since,  if 
the  general  idea  of  the  suggested  treatment  is  once 
grasped,  it  will  be  noticed  that  it  may  still  be  re- 
commendable  to  bring  infusion  beers  into  very  clean 
condition  for  racking,  while,  when  doing  so,  it  is  essen- 
tial, during  the  summer  months  at  least,  that  we 
should  see  that  such  clean  fluids  do  not  remain  per- 
sistently quiet  in  cask,  but  are  brought,  by  one  means 
or  another,  into  reasonable  cask  condition,  so  as  to 
prevent  the  entry  of  air  and  resulting  oxidation 
changes. 

It  is  for  this  reason  that  tank  fining  is  frequently  so 
dangerous  a process,  although  successful  enough  if  the  Danger  of  tank 

/>  T • • lining. 

beer  so  fined  is  immediately  shipped  to  the  consumer 
and  rapidly  drawn ; while  many  readers,  no  doubt, 
have  experienced  the  disastrous  mfluence  of  the  process 
in  question,  without  quite  understanding  why  beers 
racked  so  bright  should  exhibit  such  a tendency  to 
immediately  become  turbid  again.  It  is,  indeed,  for 
two  reasons,  since  the  tank-fined  beer  is  destitute  of 
carbonic  acid,  and  therefore  absorbs  air  with  the  greater 
readiness,  while,  being  free  also  from  sedimentary  de- 
posit, there  is  no  possibility  of  gradual  cask  condition 
developing,  and  thus  the  absorbed  air,  in  place  of  bejng 
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assimilated  by  yeast  in  suspension,  is  free  to  exercise 
its  oxidising  capacity  and  throw  nitrogenous  matters 
out  of  solution. 

The  purging  process  with  finings,  on  the  other  hand, 
is  far  more  successful.  This  is  carried  on  in  the  usual 
trade  casks,  the  beer  being  racked  direct  from  unions 
or  skimming  vessels  in  rough  condition  into  clean 
casks,  at  a temperature  of  60°,  dilute  finings  being 
then  stirred  in,  the  mixture  soon  purgmg  itself  com- 
pletely, careful  topping  over  with  bright  beer  being 
constantly  carried  on.  On  completion  of  purging,  all 
excess  of  sedimentary  deposit  is  withdrawn  by  means 
of  valinch  tubes,  the  beer  being  left  perfectly  clean, 
but  (and  this  is  the  important  point)  neither  denuded 
of  the  natural  gas  nor  freed  from  the  whole  of  the 
sedimentary  yeast  deposit,  so  that  in  both  directions 
its  condition  is  totally  different  to  that  of  the  tank- 
fined  beer  previously  commented  upon.  This  particular 
purgmg  process  was  first  carried  out  by  Austrahan 
brewers,  but  is  now  practised  by  many  large  English 
firms,  who,  for  the  most  part,  are  very  successful  in 
their  working,  while  the  nicety  of  the  modus  opei'andi 
is,  perhaps,  to  be  seen  in  the  fact,  that  while  tank 
fining  is  very  frequently  disastrous  in  its  influence, 
cask  purging,  under  certain  circumstances,  is  exceed- 
inglj'  recommendable. 

Fresh  light,  perhaps,  has  been  thrown  upon  the 
artificial  fining  action  by  the  statement  that,  when 
employing  modified  gelatine  for  the  purpose,  clarifica- 
tion of  beer  does  not  depend  upon  filtration,  i.e.,  the 
filtration  of  the  fluid  through  the  rising  flocculent 
cloud  of  modified  gelatine,  but  hinges  upon  the  fact 
that  in  adding  such  material  to  turbid  beer,  a land 
of  attractive  influence  comes  into  play  between  the 
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nitrogenous  substance  (gelatine)  added  and  the  albu- 
innious  bodies  that  are  causmg  turbidity  of  beer,  while 
the  astringent  constituents  of  the  fluid  at  once  exer- 
cise a semi-coagulating  influence,  so  that  the  combi- 
nation spoken  of  actually  separates  from  the  fluid,  and 
on  account  of  natural  buoyancy  rises  to  the  surface. 
If  this  is  a correct  explanation  of  the  fining  action, 
readers  will  understand  readily  the  new  method  of 
fining  suggested  by  Messrs.  Ewens,  of  Bristol,  since,  in 
this  case,  two  albuminous  fluids  are  employed,  the  one 
having  an  attractive  influence  for  the  suspended  matters 
in  turbid  beer  (the  degree  of  solubility  enabling  it  to 
pass  more  or  less  into  a condition  of  semi-solution), 
while  the  second  possesses  a powerful  affinity  for  the 
first,  although  insoluble  in  the  fluid,  so  that  on  adding 
this  second  nitrogenous  fluid  to  the  beer  it  decides  the 
separation  of  the  first  addition  at  once  through  its  own 
attractive  capacity,  while  the  matters  previously  causing 
turbidity  separate,  of  course,  at  the  same  time  in  com- 
bination with  the  first  nitrogenous  matter  spoken  of, 
the  result  being  rapid  clarification  of  the  fluid  so 
treated. 

There  is  every  reason  to  suppose,  that  in  both  cases 
of  practical  fining  the  exact  influence  of  the  fining 
agent  is  the  same,  since  in  tank-fining  operations  we 
notice  that  the  gelatine  never  separates  in  flocculent 
form,  and  could  not  possibly,  therefore,  act  as  a filter, 
but  that  clarification  of  the  fluid  seems  to  depend  upon 
the  added  finmg  agent  directly  entering  into  combina- 
tion with  matters  causing  turbidity,  separation  of  the 
blend  being  determined  under  the  influence  of  astringent 
matters  present  in  the  fluid. 

We  can  easily  see  from  this  argument  why  beer  has 
to  be  in  a certain  definite  condition  in  order  to  take 
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finings  rapidly  or  with  success,  since  we  may  presume 
that  the  gelatine  exercises  a certain  discriminating 
assimilative  tendency,  failing  to  exhibit  its  combining 
capacity  for  nitrogenous  matters  in  all  conditions  of 
physical  change,  while  entering  into  the  necessary  state 
of  combination  when  the  condition  of  nitrogenous  mat- 
ters causing  turbidity  is  normal,  or  as  a brewer  might 
term  healthy.  In  other  words,  the  healthy  finished 
beer  readily  taking  finings  is  one  that  contains  the 
nitrogenous  matters  causing  tm'bidity  in  a condition 
enabling  them  to  combine  more  or  less  readily  with 
gelatine,  when  modified  to  the  necessary  extent  mider 
the  influence  of  acid ; while  stubborn  beer,  on  the 
other  hand,  is  one  either  madergoing  fermentation,  so 
that  solid  matter  is  actually  passing  out  of  solution  as 
a result  of  attenuation,  or  a fluid  which  holds  nitro- 
genous matter  in  suspension  in  thoroughly  abnormal 
or  unhealthy  condition,  i.e.,  in  a state  that  does  not 
admit  of  its  readily  combining  with  the  gelatine  added. 

Influence  of  It  sometimes  happens,  again,  that  persistent  turbidity  is 
caused  by  an  excess  of  acidity,  this  being  specially  the 
case,  perhaps,  with  vatted  beers,  while  under  such  cir- 
cumstance ready  fining  may  possibly  be  brought  about 
by  reduction  of  acidity  to  normal  hmit,  although  I 
must  observe  that  such  modification  of  acid  reaction 
facilitates  after-change  in  fluid,  unless  this  is  rendered 
impossible  by  some  definite  antiseptic  treatment  of  the 
clarified  beer. 

There  is  no  subject,  perhaps,  of  greater  interest  than 
that  of  the  practical  fining  operation  carried  out  by  the 
brewer,  and  although  it  may  appear  very  easy  to  fine 
beer  artificially,  its  capacity  of  fining  depends  upon  a 
vast  number  of  conditions  that  few  brewers  ever  think 
of.  The  wonder,  indeed,  is  that  English  beer  comports 
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itself  so  readily  in  this  particular  direction ; or,  on  the 
other  hand,  fortunate  is  it  for  brewers  that  the  large 
bulk  of  beer  produced  is  fined  and  consumed  long  before 
it  has  ever  had  the  chance  of  changing  in  a direction 
that  would  render  artificial  clarification  more  or  less 
impossible.  It  is  for  this  reason  that  I have  more 
than  once  called  attention  to  the  unworthy  boasting  of 
certain  brewers,  who  cannot  find  excuse  for  the  troubles 
of  others,  forgetting  that,  in  their  own  case,  the  beers 
they  produce  are  never  submitted  to  the  slightest 
forcing  test,  the  class  of  trade  done  by  English 
brewers,  as  a whole,  varying  immensely  in  this  respect, 
while  in  all  cases  it  is  totally  different  to  the  trading 
system  existing  abroad. 

The  subject  of  “returns”  and  their  treatment  is  “Eetvinis.” 
likewise  becoming  of  more  importance  year  by  year, 
this  naturally  turning  upon  the  consignment  of  beer  to 
distant  agencies,  greater  discrimination  on  the  part  of 
the  beer-drinking  pubhc,  and  the  principle  of  allowing 
publicans  to  return  waste.  I cannot  do  better,  perhaps, 
than  deal  with  the  question  of  “returns”  in  some 
definite  order,  while  I may  preferably  describe  them 
imder  such  headings  as — (1)  Flat  Beer ; (2)  Turbid 
Beer  ; (3)  Casky  Beer ; (4)  Acid  Beer  ; (5)  Eopy  Beer. 

If  beer  is  returned  on  account  of  flatness,  it  is  Flat  beer 
sufficiently  easy  to  determine  reasonable  condition  by 
the  heading  process  referred  to  in  this  chapter  when 
dealing  with  the  subject  of  kreising,  although,  in  cer- 
tain cases,  it  may  be  necessary  to  add  also  a little 
dilute  invert  sugar  syrup  to  facilitate  the  fermentative 
action  necessary. 

The  question  of  turbid  beer  is  not  so  easily  settled,  Tm-bia  beer, 
since  persistent  dulness  or  persistent  thickness  may 
be  due  either  to  extreme  cask  fermentation  and  condi- 


362 


APPENDIX. 


Sickness. 


tion,  or  to  the  subsidence  of  a copious  deposit  of  albu- 
minous matter  under  circumstances  of  acidity  that 
prevent  the  precipitation  taking  place  with  any  degree 
of  rapidity.  Now,  it  is  never  recommendable,  of 
course,  to  re-ship  such  beer  to  the  consumer ; for 
although  it  may  possibly  be  brought  into  quiescent 
and  bright  condition  by  definite  treatment,  the 
quantity  of  sedimentary  deposit  is  sure  to  be  sn 
extreme  that,  on  rolling  the  cask  over,  it  again  deter- 
mines a more  or  less  prolonged  turbidity  or  persistent 
dulness  that  is  certain  to  occasion  dissatisfaction  to 
the  customer  if  such  beer  is  sent  out  on  the  chance  of 
passing  muster. 

“Returns”  of  such  nature  are,  therefore,  more  re- 
commendably  dealt  with  either  on  the  principle 
of  forcing  through  the  cask  fermentation  that  is  in 
progress,  bringing  beer  into  perfectly  bright  condi- 
tion by  the  aid  of  finings,  and  finally  either  mixing 
off  in  fresh  brewings,  or  di’awing  the  beer  off  bright 
fi’om  its  sedimentary  deposit ; while,  in  this  latter  case, 
if  the  palate  flavour  of  fluid  is  recommendable  and 
fulness  sufficient,  the  drawn-off  beer  may  be  re- 
hopped, treated  wuth  kreising,  and  again  sent  out 
with  impunity. 

If,  however,  the  turbidity  is  due  to  abnormal  cask 
change,  such  as  siclmess,  a much  more  sweeping 
form  of  treatment  is  required,  since,  if  attempting  to 
blend  beer  that  has  at  any  time  been  sick  or  exceed- 
ingly fretful  during  cask  changes,  it  is  certain  to 
determine  a like  state  of  change  in  the  blend  eventually 
made  with  it.  The  only  plan,  therefore,  that  can  be 
adopted  with  advantage  in  dealing  with  such  descrip- 
tions of  heer  is  to  force  through  the  definite  cask  change 
by  constant  rolling,  taking  the  precaution  to  treat  the 
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beer,  first  of  all,  with  a dose  of  salicylic  acid,  boracic 
acid,  or  calcic  bi-sulphite,  so  that,  in  forcing  change, 
we  may  still  be  more  or  less  confident  of  the  eventual 
soundness  of  the  beer  treated,  while,  when  falling  prac- 
tically bright,  the  beer  should,  before  mixing,  be  carefully 
“sterilised”  so  as  to  cripple  or  destroy  all  active  ferments 
contained  in  it. 

Musty  or  so-called  casky  beer  is  unfit  for  any  pur- 
pose, since  the  cask  fiavour  is,  in  this  case,  so  intense, 
so  capable  of  development,  that,  when  mixing  even  the 
smallest  proportion  of  an  ill-flavoured  beer,  the  per- 
sistent “tack”  or  defective  taste  will  show  through  the 
blend. 

Ropy  or  viscous  beer  is  undoubtedly  becoming  far 
more  common  than  formerly,  while  there  is  every  reason 
to  believe  that  such  ropiness  is  not  caused  in  all  cases 
by  the  mucous  ferment,  since  I have  repeatedly  ex- 
amined samples  and  failed  to  distinguish  its  presence. 
I am  not  prepared,  at  the  moment,  to  say  why 
this  peculiar  oily  or  viscous  appearance  of  beer 
should  be  so  prevalent  at  the  present  time,  but  pro- 
bably we  shall  find  an  explanation  of  the  matter  in 
the  modified  character  of  English-grown  grain,  and 
the  tendency  that  brewers  have  exhibited  to  rack  their 
weak  beers  in  very  clean  condition,  although,  com- 
paratively speaking,  at  high  gravity,  so  that  absorbed 
air  frequently  seems  to  determine  first  of  all  the  sick 
fret,  and  eventually  the  appearance  in  the  fretting  fluid 
of  viscous  matter  that  puts  an  end  to  all  chance  of 
fining  until  the  mucous  or  gummy  substance  is  either 
taken  again  into  solution,  or  thrown  down  as  a pre- 
cipitate under  the  influence  of  some  powerful  coagu- 
lating or  astringent  agent. 

Brewers  have  been  advised  to  employ  mustard  seed 
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for  this  particular  coagulating  purpose,  but  I am  afraid 
that  such  treatment,  although  possibly  preventing 
mucous  change,  is  of  no  great  service  in  actually 
curing  a viscid  beer ; nor  do  I think  that  the  alter- 
native curing  process  is  in  any  way  perfectly  suc- 
cessful, since  it  depends  upon  submitting  the  fluid  to 
extreme  heat  in  order  to  determine  the  re- solution  of 
the  matter  causing  the  viscid  appearance  in  question. 
If  such  viscosity  of  beer  is  really  due,  on  the  other 
hand,  to  subsiding  dextrine  (and  this,  of  course,  is 
just  possible,  since  attention  has  more  than  once  been 
drawn  to  the  fact  that  many  beers  are  persistently 
cloudy  on  account  of  the  extreme  percentage  of  dextrine 
existing  in  them),  a cure  might  possibly  be  found  in  the 
employment  of  some  active  diastatic  substance  which, 
on  being  added  to  the  viscid  beer,  might  lead  to  rapid 
hydration  of  gummy  matter.  As  this  subject  of  ropy 
beer  is  becoming  of  great  importance  to  brewers  in  all 
parts  of  the  comitry,  they  are  sure  to  find  constant 
reference  to  it,  as  time  advances,  in  the  columns  of  the 
Breioers’  Journal,  since,  at  the  moment,  om’  Imowledge 
respecting  this  matter  does  not  go  beyond  the  points 
already  referred  to. 

I may,  perhaps,  presume  that  acid  beer  constitutes 
the  greatest  proportion  of  “ returns,”  since  I may  class 
bottoms  and  waste  with  the  tm’bid  beer  already  noticed. 
Aged  or  acid  beer  has  to  be  dealt  with  in  a very  distmct 
way,  since  the  probability  is  that  while  excessively  acid 
it  will  not  spontaneously  brighten,  while  in  being  ex- 
tremely sour  it  would,  if  mixed  off  in  natural  condition, 
introduce  into  the  mild  beer  the  very  ferments  that  had 
previously  determined  its  own  changeability.  The 
treatment,  therefore,  of  acid  beer,  turns  firstly  upon  the 
point  of  neutralising  excess  acid,  so  favouring  a ready 
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spoiitaiiieous  or  artificial  clarification  of  tlio  fluid , 
secondly,  upon  the  definite  sterilisation  of  tlie  fluid  at 
a high  temperature  under  pressure  in  a vessel  properly 
fitted,  .so  that  pressure  may  be  applied,  while  no 
escape  of  alcohol  can  result ; and  finally,  upon  the 
restoration  of  original  palate  by  the  employment  of 
the  registered  “ Glyco-saccharine,”  now  largely  used  by 
brewers  in  all  parts  of  the  country. 

The  sterilisation  process  dates,  of  course,  from  the 
time  when  M.  Pasteur  first  explained  the  fact  that  the 
ferments  concerned  in  determining  change  in  beer  were 
all  more  or  less  easily  destroyed  or  rendered  absolutely 
inert  (when  in  developed  condition)  by  very  moderate 
temperatures,  the  more  readily  if  the  fluid  in  which 
they  existed  was  more  or  less  acid. 

It  unfortunately  happens  that  an  Enghsh  infusion  Pasteurisation, 
beer,  rich  as  it  is  in  changeable  forms  of  nitrogenous 
matter,  will  not  submit  itself  to  the  Pasteurisation  pro- 
cess very  successfully ; and,  notwithstanding  that  endless 
experiments  have  been  made,  and,  several  patents  taken 
out,  the  fact  remains  that  every  Enghsh  beer  within  my 
Imowledge,  however  carefully  sterilised,  still  possesses 
the  mifortimate  capacity  of  becoming  dull  some  few 
weeks  after  Pasteurisation  has  been  accomplished. 

I have  said  “mifortunately,”  since  Continental  beer 
is  widely  different  in  this  respect,  the  character  of  lager 
beer  extract  being  entirely  different ; and  thus,  as  the 
Continental  lager  can  be  bottled  in  perfectly  bright  con- 
dition while  saturated  with  gas,  the  producer  scores  an 
immense  advantage  when  sterilising  such  beer  mider 
pressure,  still  leaving  in  it  the  gas  which  gives  it  the 
appearance  of  condition,  while  in  Pasteurising  the  fluid 
under  pressure  it  is  rendered  more  or  less  unchange- 
able, and  does  not  in  any  way  become  dull,  throw  a 
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precipitate,  or  carry  the  slightest  trace  of  shade.  So 
prominent  is  the  defect  of  Enghsh  beers  in  this  par- 
ticular direction,  that  when  sterilising  a beer  of  extreme 
age,  even  after  the  fluid  has  passed  through  a series  of 
cask  changes,  it  will  still  show  a strong  tendency  to 
throw  down  a deposit  after  the  Pastemusation  process 
has  been  carried  out. 

It  is  for  this  reason,  and  this  alone,  that  sterihsed 
“retmuis”  cannot  be  dealt  with  successfully  dm’ing  the 
summer  months,  since  this  subsiding  deposit  of  albu- 

Cataiytic  action  muious  matter  appears  to  act  as  a distinct  catalytic 

of  depositing 

^b^inous  agency,  leading  to  changeabihty,  of  blended  fluid, 
although,  of  course,  the  sterihsing  temperatiu’e  must 
have  completely  destroyed  all  the  acid  ferments  exist- 
ing in  the  beer  treated.  I am  led  to  say  this,  since 
many  writers  have  contended  that  if  there  is  any  basis 
of  truth  in  M.  Pasteur’s  idea  respecting  sterihsation  of 
fluids,  the  brewer  should  be  able  to  mix  off  “returns” 
when  sterilisation  has  been  accomphshed,  just  as  easily 
in  the  summer  as  during  the  winter  months.  This, 
however,  is  not  the  case,  since  although  we  may  destroy 
by  our  sterilisation  process  the  whole  of  the  acid  fer- 
ments, we  do  not  put  an  end  by  Pastem'isation  to  the 
changeable  nature  of  albuminous  substances  which 
exist  even  in  the  oldest  beer,  and  which  become 
modified,  no  doubt,  in  the  direction  of  insolubility, 
while  in  eventually  subsiding  from  solution  during  the 
storage  of  the  treated  beer  after  blending  has  been 
accomplished,  they  unfortunately  decide  a catalytic  in- 
fluence ending  in  the  pronomiced  acidity  of  the  fluid 
as  a whole,  an  influence  not  coming  into  play,  however, 
during  the  colder  months  of  the  year,  when  the  con- 
dition of  beer  generally  is  more  stable.  I do  not  claim, 
therefore,  for  the  process  of  sterilisation  an  influence 
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that  it  does  not  really  possess,  but  merely  assert  that 
in  submitting  beer  to  the  influence  of  combined  beat 
and  iiressure,  we  determine  the  destruction  of  acid 
ferments,  and  a greater  stability  of  nitrogenous  extract, 
than  would  otherwise  be  characteristic  of  it,  although 
may  be,  at  the  same  time,  a semi-soluble  character  that 
leads  to  its  eventual  precipitation. 

I take  it  for  granted  that  it  is  not  necessary  for  me 
to  argue,  firstly,  that  pressure  must  have,  per  se,  an 
enormous  influence  when  carrying  out  such  a process ; 
secondly,  that  it  is  advisable  to  sterilise  the  fluid  in  a 
closed  vessel  to  prevent  escape  of  alcohol ; thirdly,  that 
the  vessel  should  be  constructed  of  metal  not  capable  of 
undergoing  ready  oxidation ; fourthly,  that  the  fluid 
should  be  sterilised  in  bright  condition,  and  with  its 
excess  acidity  present ; fifthly,  that  any  excess  acidity 
should  be  carefully  neutrahsed  with  a perfectly  pure 
solution  of  bicarbonate  of  potash  or  pearlash  before 
attempting  to  blend  off  the  sterilised  fluid  with  mild 
beers ; or,  lastly,  that  after  all  that  I have  said  on  the 
subject  of  sterilisation,  it  seems  needless  for  me  to 
urge  upon  readers  due  discretion  as  to  when  such 
sterilised  beer  should  be  mixed  off,  since,  as  a general 
rule,  we  may  consider  that  all  beer  between  April 
and  September  is  open  to  a degree  of  changeabihty 
not  evidenced  during  the  other  months  of  the  year, 
and  that  during  the  period  stated  it  is  not  advis- 
able to  intermix  even  carefully  treated  forms  of 
“ returns,”  although  these  may  have  been  submitted  to 
the  most  extreme  antiseptic  influence  known.  I could 
name  many  examples,  indeed,  proving  the  vast  import- 
ance of  this  matter,  while  I have  personally  seen  beers 
in  a state  of  sick  fermentation  that,  after  being  treated 
with  excessive  quantities  of  very  powerful  antiseptics, 
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and  brought  by  such  treatment  into  a perfectly  bright 
condition,  would  still  exercise  a capacity  of  determining 
a similar  state  of  change  in  the  case  of  mild  beers  when 
mixed  off  at  the  rate  of  5 or  6 per  cent.  I am  firm, 
therefore,  in  my  belief,  that  although  it  is  possible, 
through  the  influence  of  heat,  to  render  diseased  fer- 
ments inert,  it  is  not  possible  to  denude  certain  types 
of  nitrogenous  matter  of  their  catalytic  agency  when 
once  subsiding  from  solution  under  the  influence  of 
either  air  or  heat. 

Readers  will  easily  imderstand  the  illustration  of 
closed  sterilisation  vessel  appended.  This  plant  is  con- 
structed of  copper,  with  interior  attemperators  that 
enable  the  fluid  to  be  rapidly  reduced  to  a mixing 
temperature,  with  condensing  coils  also  that  prevent 
the  escape  of  alcohol,  and  with  all  necessary  fittings 
for  allowing  beer  to  be  sterilised  mider  pressure,  but  I 
beg  of  them  once  more  to  remember  that  no  pressure 
and  no  heat  will  determine  the  absolute  stability  of 
English  beer  so  long  as  it  possesses  the  eventual 
capacity  of  throwing  down  a nitrogenous  precipitate 
after  the  process.  So  far  I have  never  seen  an  infusion 
beer  that  had  not  this  fatal  capacity,  while  I caimot 
possibly  admit  the  perfection  of  the  Enghsh  infusion 
process  in  view  of  this  unfortunate  tendency  that  all 
English  beer  exhibits  to  change,  either  under  the 
influence  of  am  absorbed,  or  mider  that  of  heat  in  the 
Pasteurisation  process. 

It  has  frequently  been  supposed  that  success  in 
brewing  depended  upon  mashing  and  fermentation, 
but  I am  certain  myself  that  the  storage  question  is 
of  equal  importance,  and  that  conditions  of  storage  and 
the  general  treatment  of  beer  prior  to  shipment  should 
receive  an  amomit  of  attention  previously  thought  mine- 
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cessary.  At  the  present  day  the  percentage  of  “ returns  ” 
in  the  case  of  breweries  doing  a large-  export  or  rail 
business  is  continually  increasing,  and  the  subject  of 
beer  sterihsation  should  invariably  form  part,  I think, 
of  the  education  of  every  young  brewer,  since  if  such 
returns  be  carefully  dealt  with,  if  suitably  brightened 
and  sterilised,  there  is  no  reason  why  the  great  bulk 
of  so-called  waste  beer  should  not  again  be  mixed  off 
with  advantage  to  the  brewer,  and  no  sort  or  kind  of 
disadvantage  to  the  consumer  of  the  blend  itself. 


Increasing 
importance  of 
“retm’ns  ” 
question. 


B B 


370 


APPENDIX. 


CHAPTEK  VI. 

LABOEATOEY  TEACHING SKETCH  OP  THE  NECESSAEY 

ANALYTICAL  KNOWLEDGE  AND  THE  DIEECTION 
THAT  INVESTIGATIONS  SHOULD  TAKE  — FOECING 
TEAY  WOEK — EXAMINATION  OP  WATEES,  MALTS, 
AND  BEEES  BIOLOGICALLY. 

The  contents  of  this  chapter  deal  with  a subject  of  the 
most  extreme  importance  to  every  practical  brewer  in 
the  kingdom,  since,  although  the  chemistry  of  brewing 
may  not  be  clearly  miderstood,  or  recognised  by  the 
majority  of  practical  men  as  thoroughly  essential 
knowledge,  we  are  forced  to  the  conclusion,  in  view  of 
what  is  happening  abroad,  that  sooner  or  later  each 
The  importance  brewer  will  have  to  gain  a clear  insight  into  the  theory 
knowledge.  of  the  process  that  he  is  attempting  to  conduct,  while, 
as  it  is  more  or  less  chemical  in  its  natm'e  from 
beginning  to  end,  it  naturally  follows  that  no  weighty 
argument  can  be  raised  in  opposition  to  the  state- 
ment just  made. 

There  is,  indeed,  not  the  slightest  doubt  that  Eng- 
lish beers  are  losing  their  hold  upon  the  foreign 
market,  for  year  by  year  we  notice  diminishing  ex- 
ports, while  the  competition  that  is  driving  English 
beer  out  of  foreign  markets  is  already  commencing 
to  make  its  appearance  nearer  home.  The  reason  for 
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this  centres  upon  the  fact  that  Continental  workers  have 
universally,  and  for  many  years  past,  paid  far  more 
attention  than  English  brewers  both  to  the  principles  of 
their  process,  and  to  the  theory  underlying  every  smgle 
operation  that  they  carry  out  in  practice. 

It  is  not  difficult,  on  the  other  hand,  to  explain  why 
English  brewers  have  hitherto  been  so  exceedingly  scep- 
tical as  to  the  benefits  to  be  derived  from  thorough  che- 
mical knowledge.  To  begin  with,  the  brewing  trade  in  Monopoly. 
England  is  almost  entirely  based  upon  the  principle  of 
monopoly,  while  the  owners  of  this  monopoly  know  little 
or  nothing  about  the  absolute  details  of  the  manufacture 
they  are  engaged  in,  and  have  a supreme  scorn,  there- 
fore, for  scientific  teaching,  so  long  as  they  can  note  a 
favourable  return  upon  invested  capital.  In  the  next  ThepubUc 

. . antipathy  to 

place,  a very  strong  hut  hardly  justifiable  antipathy  chemicals, 
exists  to  the  employment  of  chemicals  in  brewing,  and 
each  brewer,  or  brewing  firm,  laiows  perfectly  well  that 
if  he  or  they  attach  a laboratory  to  their  brewing  de- 
partment, the  public  voice  will  say  that  this  laboratory 
is  utihsed  for  enabling  the  proprietors  to  doctor  their 
beer  to  the  best  advantage. 

Then,  again,  chemical  analysis  has  often  proved  Conflicting 

, „ analytical 

somewhat  coniiictmg  in  result,  the  consequence  of  results, 
this  being  seen  in  the  very  distinct  scepticism  which 
exists  in  the  mind  of  many  brewers  as  to  the  accu- 
racy of  any  figures  submitted  to  them  by  the  ana- 
lyst. I have  myself,  on  many  occasions,  heard  that 
a certain  brewing  water  has  been  sent  for  analysis  to 
several  different  chemists,  while  the  reports  received 
as  to  its  suitability  for  brewing  purposes  varied  in  the 
most  extraordinary  manner ; and  although  it  would  be 
sufficiently  easy  to  reconcile  these  discrepancies  from 
the  mere  chemical  point  of  view,  the  sceptical  brewer 
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refers  to  them  exultingly,  as  proving  that  no  reliance 
can  be  placed  upon  the  figures  of  such  analytical  reports. 
Now,  of  course,  it  is  well  known  that  discrepancies  of 
the  kind  named  may  be  mainly  attributed  to  the  fact 
that  different  chemists  follow  distinct  hnes  of  teaching 
in  reference  to  the  subject  of  affinity  when  combining  the 
acids  and  bases  actually  determined  by  analysis,  this 
accoimting  for  the  apparent  variation  in  saline  character 
of  water. 

Then,  again,  the  mam  view  of  the  ordmary  analyst 
is,  or  at  any  rate  has  been,  that  a water  should  be 
extremely  hard  in  order  to  be  well  fitted  for  brewing 
purposes,  so  that  many  have  indicated  a tendency  to 
condemn  a water  when  finding  it  deficient  in  the  special 
saline  matters  held  to  be  so  influential  in  a practical 
brewing  sense,  I might  enumerate  many  other  instances 
to  prove  that  brewers  as  a body  have  never  looked 
upon  the  chemistry  of  brewing  as  of  any  real  value, 
while,  if  seeking  the  aid  of  scientific  knowledge  at  all, 
they  have  done  so  in  a kind  of  half-hearted  manner  that 
has  left  its  mark  upon  the  whole  course  of  Enghsh 
brewing  operations  during  the  last  few  years.  We  are, 
indeed,  confessedly  behind  the  times,  and  may  well  note 
with  dismay  the  keen  competition  that  is  driving 
English  beer  out  of  the  market. 

I am  therefore  hopeful  that  in  this  chapter  I shall 
succeed  in  impressing  upon  my  readers  not  only  the 
fact  that  chemical  Imowledge  is  of  extreme  service, 
but  possibly  show  them  the  direction  in  which  such 
knowledge  should  tend,  since  the  mere  determination 
of  quantity  of  organic  matters  is  of  comparatively  little 
service  to  the  brewer,  while  investigation  as  to  their 
quality  is  of  the  most  extreme  importance. 

Every  brewer  his  There  is  110  doubt  whatever  that  every  brewer, 
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whether  managing  an  extensive  business  or  carrying 
on  simpler  operations  on  a limited  scale,  should  know 
how  to  analyse  a brewery  water,  and,  besides  this, 
be  able  to  determine  with  equal  accuracy  its  true 
organic  or  biological  character;  while,  on  completing 
such  determinations,  he  should  be  able  to  say  whether 
the  saline  character  of  the  water  is  recommendable  or 
no,  and  work  out  for  himself  the  needful  or  desu-able 
saline  additions,  and  prove,  finally,  that  the  organic 
character  natural  to  the  water  is  innocent  in  nature 
and  incapable  of  determining  change  in  resulting  beer. 

Then  again  with  malt,  is  it  not  of  importance  to  all 
to  know  its  possible  available  yield,  and  determine  the 
normal  acidity,  and  arrive  at  some  knowledge  as  to 
the  proportions  of  nitrogenous  matter  present  both  in 
soluble  and  insoluble  form,  and  thus  ascertani  whether 
the  malting  process  has  been  carefully  carried  out  or 
no  ? Then  again,  the  moisture  percentage  as  indi- 
cating careful  storage,  and  percentages  of  idle  grain 
and  sinkers  that  enable  us  to  judge  as  to  the  character 
of  barley  steeped,  are  surely  worthy  of  determination 
also.  This,  however,  is  not  all,  since  a malt  analysis 
gives  us  merely  percentage  composition,  and  tells  us 
little  or  nothing  of  the  quality  of  the  soluble  constitu- 
ents that  we  shall  have  to  deal  with  as  constituting 
the  extract  of  our  beer,  excepting  in  the  sense  that 
analytical  figures  indicate  indirectly  the  general  ten- 
dency of  the  extract  that  we  may  expect  to  secure,  but 
prove  very  little  conclusively.  It  is  in  this  particular 
direction,  indeed,  that  scientific  teaching  has  made 
great  strides  within  the  last  few  years,  since  when 
M.  Pasteur  once  showed,  in  his  distinct  works  on 
Wine  and  Beer,  that  the  quality  of  extract  in  each 
might  be  determined  by  a simple  forcing  test,  scientific 
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workers  soon  evidenced  an  inclination  to  apply  some 
kind  of  biological  test  not  only  to  water  used  in  the 
production  of  beer,  but  also  to  the  material  employed  as 
the  basis  of  the  dry  extract  and  the  transformation 
products  of  such  extract. 

Now,  it  is  not  my  purpose  in  this  chapter  to  go 
into  any  great  detail  respecting  the  biological  examin- 
ation of  either  water  or  malt,  although  a brief  outhne 
of  each  process  may  prove  of  interest  to  readers.  I 
believe  I am  correct  in  asserting  that  great  difference  of 
opinion  exists  among  scientists  as  to  the  value  of  the 
biological  test  as  applied  to  water  in  connection  with 
the  problem  as  to  whether  a certain  supply  is  suitable 
or  not  for  domestic  pm'poses  ; but  surely  there  will  be 
no  diversity  of  opinion  among  brewers  concerning  the 
statement  that  if  water  shows  a strong  tendency  to 
facilitate  putrefaction,  it  cannot  be  in  itseK  of  recom- 
mendable  organic  purity.  Generally  speaking,  I have 
never  failed  to  see  this  statement  confirmed  in  prac- 
tice, and  am  therefore  a strong  advocate  of  the  method 
usually  carried  out  when  the  brewer  is  desirous  of  deter- 
mining the  true  biological  character  of  the  water  supply 
at  his  command. 

The  apparatus  required  is  exceedingly  simple,  the 
test  itself  easily  made,  the  principle  turning  upon  the 
addition  of  a measured  quantity  of  the  water  under- 
going examination  to  a measured  bulk  of  prepared 
gelatine,  pouring  the  semi-fiuid  mixture  upon  a ste- 
rilised glass  plate,  solidification  being  redetermined  by 
placing  the  glass  plate,  with  its  gelatmous  film,  upon 
a block  of  ice.  By  this  process  we  not  only  mix  the 
measured  quantity  of  water  with  the  sterilised  gelatine 
nutriment,  but  by  solidifying  the  gelatine  after  inter- 
mixture, we  fix  the  position  of  any  organisms  that  the 
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water  Diay  contain,  and  give  them,  therefore,  the  chance 
of  developing  as  so-called  “colonies,”  while  these  may 
be  counted  without  any  difficulty  after  certain  inter- 
vals of  time,  the  plate  spoken  of,  with  its  gelatine 
film,  being  placed  on  a forcing  tray,  duly  protected  by 
a cover,  at  a temperature  of  65°,  mider  conditions  that 
prevent  any  contamination  from  aerial  matter  that 
might  otherwise  subside  on  to  the  field  of  growth. 

Now,  it  will  be  perfectly  evident  to  readers  that  if,  in 
a few  hom’s,  mould  spores  commence  to  develop  upon 
the  sm-face  of  the  gelatinous  film,  if  these  rapidly  propa- 
gate, spread,  and  become  exceedingly  numerous,  and  if 
their  defective  character  is  indicated  by  the  rapid  lique- 
faction of  the  film  spoken  of,  surely  we  may  assume 
that  the  single  cubic  centimetre  of  water,  intermixed 
with  something  like  10  cubic  centimetres  of  the  gela- 
tinous nutriment,  must  have  been  of  very  defective 
organic  character  ; and  although  such  water  would  be 
submitted,  in  the  practical  operations  of  brewing,  to 
repeated  ebullition,  the  fact  still  remams  that  its  de- 
fective organic  nature  would  cling  to  it  in  spite  of  this, 
and  would,  no  doubt,  exercise  an  influence  not  only 
upon  fermentation  itself,  but  upon  the  stability  of  the 
resulting  beer. 

It  would  he  easy  for  me  to  show  that  all  good  brew- 
ing waters  are  wonderfully  pure  in  a biological  sense, 
and  that  all  surface  waters  are  just  the  reverse  ; while, 
of  course,  these  vary  in  biological  character  at  different 
times  of  the  year,  obviously  according  to  variation  in 
amount  of  rainfall,  or  quantity  of  suspended  aerial 
matter  in  the  different  districts  where  such  surface  water 
is  obtained.  Although  a water,  biologically  imperfect, 
may  perhaps  safely  be  used  for  domestic  purposes,  and 
though  the  human  or  animal  system  may  be  sufficiently 
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vital  to  prevent  the  organisms  of  an  undergromid  water 
supply  exercising  any  detrimental  influence  on  the  ani- 
mal economy,  it  is,  nevertheless,  absolutely  certain  that 
such  organisms  can  and  do  develop  during  the  brewing 
process,  when  existmg  to  any  extent  in  the  water  used, 
more  rapidly,  of  course,  when  the  class  of  organism  is 
putrefactive  in  its  tendency  owing  to  the  inferiority  of 
the  contaminating  organic  matter  present. 

The  influence  of  such  a water,  in  a practical  brewing 
sense,  can  only  be  disastrous  in  its  nature,  and  brewers, 
therefore,  who  are  interested  in  their  subject  would 
certainly  do  well  to  master  the  viodtis  operandi  of  ac- 
curately determining  organic  purity  of  water  as  a very 
necessary  step  when  estimating  its  general  fitness  for 
brewing  purposes.  The  advice  given  by  a celebrated 
Dutch  brewer,  to  the  effect  that,  if  desiring  to  know 
whether  water  is  suitable  for  brewing  purposes,  it 
should  be  employed  in  practical  operations  and  its 
fitness  judged  by  results,  is  advice  surely  by  no  means 
absurd,  although  this  gentleman  suggested  a very  erro- 
neous course  of  proceeding,  since  the  brewer  would 
obviously  be  risking  too  much,  and  might  just  as  well 
carry  out  the  principle  of  the  suggestion  on  a small 
scale,  first  of  all,  before  attempting  to  use  any  new 
supply  in  the  production  of  an  entire  gyle. 

If  what  I have  been  saying  is  important  in  reference 
to  water  supply,  ten  times  the  importance  attaches  to  a 
similar  biological  examination  of  malt,  since  this  is  the 
source  of  the  main  portion  of  extract  in  our  beers  ; 
while,  according  to  the  quality  of  this  extract,  so  will 
be  the  character  of  our  yeast,  the  flavour  and  eventual 
soundness  of  our  beer. 

I have  taken  a good  deal  of  trouble  lately,  in  con- 
junction mth  my  energetic  and  exceedingly  clever 
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assistant,  Mr.  W.  Virtue,  to  perfect  a method  of  exa- 
mining malts  biologically,  while  in  the  July,  1887, 
number  of  the  Bt&wbts'  JouTncU,  readers  will  find  a full 
description  of  the  method  in  question,  with  comments 
upon  the  various  points  that  have  infiuence  upon 
results,  since,  if  carried  out  in  any  clumsy  or  imperfect 
manner,  the  indications  arrived  at  are  so  conflicting  and 
dubious  as  to  lead  us,  perhaps,  to  condemn  malts  that 
are  sound,  or  pass  specimens  of  material  as  good  that 
are  in  reality  very  defective. 

Now,  the  chief  faults  of  malt  at  the  present  day  Faults  of 

. present-day 

are  mainly  to  be  attributed  to  one  or  two  very  simple  malts, 
causes,  although  it  is  strange  that  maltsters  should 
have  forgotten  so  readily  the  teaching  of  bygone  years. 

Latterly  they  have  been  carrying  on,  for  instance, 
methods  of  vegetation  less  and  less  in  accordance 
with  natural  growth  ; and  by  this  I mean  that  as  in  Forced  growth, 
bygone  years  we  kept  grain  cool  during  its  growth  and 
forced  vegetation  less  by  excessive  moisture  supply,  at 
the  present  day,  on  the  other  hand,  every  maltster 
seems  eager  to  attain  the  e'sddences  of  perfect  vegeta- 
tion, while  caring  little  for  the  eventual  results  of  it, 
so  that  endless  samples  of  malt  indicating  complete 
growth  are  utterly  incapable  of  yielding  a wort  of 
desirable  character. 

Another  common  defect  of  modern  malting  is  due 
to  the  imperfect  knowledge  of  many  maltsters  as  to  the 
absolute  necessity  of  careful  curing  as  distinct  from  inefficient 

curing. 

mere  drying  of  the  green  corn,  a large  number  of 
samples  tasting  exceedingly  raw  upon  the  palate  ; while 
a third  point  is  the  careless  storage  of  material,  so  that  Careless 
the  absorbed  moisture  soon  facilitates  degradation  in 
the  general  character  or  condition  of  the  nitrogenous 
matter  present.  It  is  easy  to  discover,  no  doubt,  some 
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of  these  faults  by  laboratory  methods,  while  the  biologi- 
cal test  that  I refer  to  will  prove  conclusively,  in  a very 
few  hours,  whether  malt  has  been  efl&ciently  cm’ed  in 
the  first  instance,  or  whether  the  storage  of  it  has  been 
in  any  sense  successful. 

In  the  notes  just  referred  to  as  having  appeared  in 
the  Breioers'  Jotmial  I carefully  explained  the  influence 
exercised  by  presence  of  rootlet,  the  intermixture  of 
damaged  and  mouldy  grain,  while  calling  attention  at 
the  same  time  to  the  enormous  preservative  influence  of 
caramelisation  by  curing,  as  well  as  excessive  acidity, 
this  latter  being  frequently  due  to  imperfections  in 
malthouse  plant,  i.e.  to  the  existence  of  cavities  and 
interstices  in  flooring,  so  that  moisture,  exuding  from 
material  working  on  the  floors  in  question,  soon  facili- 
tates putrefaction  and  acidity  of  the  sohd  matters  exist- 
ing in  the  escaping  moisture,  which  accumulates,  of 
com’se,  in  the  spaces  spoken  of. 

I need  not  enter  into  any  great  detail  upon  this  par- 
ticular pomt  of  biological  working,  since  full  reference 
has  been  made  to  it  in  the  number  of  the  Bretuers’ 
Journal  quoted,  while  it  is  sufficient  for  me  to  say,  at 
the  moment,  that  the  stability  of  a malt  or  its  extract 

Influence  of  in  the  presence  of  an  extreme  amomit  of  acid  must  of 

acidity  upon 

stability  of  wort,  necessity  be  very  defective,  since  brewers,  either  acci- 
dentally or  by  design,  take  steps  in  many  cases  leading 
to  minimised  proportion  of  acid  as  naturally  present  in 
mash  wort.  Besides  this,  it  is  noticeable  that  putrefac- 
tion or  changeability  of  mash  wort  sometimes  appears 
to  start  from  material  or  draff  itself,  while  in  other 
cases  the  supernatant  wort  seems  to  cloud  and  enter 
into  a state  of  preliminary  putrefaction  prior  to  any 
evolution  of  gas  from  the  sedimentai’y  draff,  and  for  this 
reason  Mr.  Vfrtue  devised  means  of  separating  mash 
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fi’om  its  wort  without  allowing  either  to  come  in  con- 
tact with  unfiltered  air  while  doing  so. 

We  have  thus  been  able  to  prove  that  sometimes  the 
cause  of  putrefaction  may  be  attributed  to  the  type  of 
insoluble  material  dealt  with,  as  evidenced  by  the  insta- 
bihty  or  changeability  of  the  mash  goods,  while  in  other 
cases  the  wort  itself  seems  to  have  a prominent  capacity 
of  changing,  although  the  material  yielding  it  after  its 
separation  may  entirely  lack  this.  I have  recently,  too, 
been  able  to  show,  as  briefly  explained  in  Chapter  I., 
that  it  is  possible,  by  miniature  laboratory  or  brewery 
experiments,  to  prove  beyond  doubt  a most  important 
point  in  reference  to  malt,  viz.,  that  many  varieties  are 
rich  in  peptonised  forms  of  nitrogenous  matter,  while 
others  are  poverty-stricken  in  this  respect,  these  latter, 
indeed,  corresponding  to  the  varieties  of  material  that 
have  been  excessively  forced  during  artificial  growth. 
The  evidences  of  perfect  vegetation — and  I cannot  re- 
peat the  statement  too  frequently — are,  indeed,  more  or 
less  delusive,  for  while  spire  and  root,  in  point  of  quan- 
tity, may  lead  us  to  suppose  that  vegetation  has  been 
perfect,  the  forcing  of  this  fully-grown  malt,  under  the 
influence  of  warmth  and  moisture,  has  been  so  extreme 
that  they  cannot  fairly  be  taken  to  represent  in  any 
sense  the  success  of  the  vegetation  process,  in  so  far  as 
the  first  modification  of  interior  constituents  of  grain  is 
concerned. 

We  have  been  able  to  prove  this  all-important  point, 
as  I have  said,  by  showing  that  if  badly  vegetated  malt 
be  infused  at  a low  heat,  and  stewed  at  the  temperature 
of  blood,  viz.,  97°  Fahr.,  the  proportion  of  soluble 
albuminous  matter  yielded  by  it  eventually  is  about 
double  as  compared  with  that  yielded  by  the  same  ma- 
terial when  infused  at  the  high  temperature  common  in 
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English  breweries ; while  the  results,  when  dealing  with 
malt  of  high-class  character,  prove  that  such  material  is 
ahready  rich  in  peptonised  forms  of  nitrogenous  matter, 
since  we  do  not,  under  these  circumstances,  determine  a 
much  greater  percentage  of  soluble  albuminoids  when 
infusing  the  material  in  question  in  liquor  at  a low  heat 
to  commence  with.  In  other  words,  when  dealing  with 
malt  of  this  land,  we  may  rest  satisfied  that  the  grain 
contains  fully-digested  forms  of  nitrogenous  matter  as 
influenced  by  the  slow  artificial  growth  practised  in  the 
malthouse,  so  that  no  mere  variation  of  infusion  heat 
determines  the  formation  of  bodies  that  ah’eady  exist ; 
while  in  the  case  of  defective  material  we  are,  by  the 
adoption  of  preliminary  extremely  low  heats,  enabled, 
as  it  were,  to  complete  in  the  mash  tun  the  very  de- 
fective operations  of  the  maltster. 

It  is  not  too  much  to  say,  therefore,  that  the  mere 
analysis  of  a malt  is  of  no  particular  value  as  a proof  of 
its  entire  fitness  for  brewing  purposes ; and,  personally, 
I should  almost  prefer  to  determme  its  real  quality  by 
its  taste  when  chewed,  since  by  the  action  of  our  teeth 
we  can  determine  whether  it  is  friable  and  dry,  while 
we  can  discover  also  by  our  palate  taste  whether  com- 
plete curing  has  been  determined.  On  the  other  hand, 
if  the  material  under  examination  is  steely,  if  the  taste 
of  the  malt  is  raw,  we  may  conclude  that  the  maltster 
has  failed  in  his  working  ; while  such  conclusion  may 
be  confirmed  in  the  most  absolutely  correct  manner  by 
determining  in  the  laboratory  whether  the  yield  of 
soluble  albuminous  matter  varies  widely  according  to 
temperatm’e  of  infusion,  and  whether  the  extract  yielded 
is  mistable  (as  indeed  it  would  be),  by  submitting  the 
malt  to  the  very  distinctive  biological  examination 
described. 
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What  could  possibly  be  of  more  importance  at  the 
present  day  than  the  question  of  determining  purity  of 
water  supply  and  quality  of  malt  extract  through  the 
agency  of  biological  examination  ? I have  myself  equal 
and  well-justified  confidence  in  the  results  of  both  pro- 
cesses, and  can  definitely  assert  that  I have  never- 
known  a malt,  incapable  of  comporting  itself  satisfac- 
torily when  exposed  to  forcing  influences,  that  yielded 
beers  during  the  trying  months  of  the  year  otherwise 
than  exceptionally  changeable  from  date  of  racking  to 
final  day  of  storage,  while  a test  that  enables  us  to 
judge  accurately  of  character  of  malt  extract  before 
mashing  it,  should  indeed  be  looked  upon  by  brewers  as 
one  of  the  greatest  possible  value. 

These,  then,  are  points  in  connection  with  the  neces- 
sity for  determining  quality  or  type  of  extract  as  dis- 
tinct from  mere  quantity  yielded  ; and  in  this  particu- 
lar direction  great  advances  have  of  late  been  made, 
enabling  the  skilful  brewer,  without  any  loss  of  time, 
to  determine  whether  a certain  sample  of  malt  offered 
to  him  is  recommendable  or  otherwise  in  actual 
quahty. 

If  it  is  of  importance  to  determine  the  biological  cha- 
racter of  waters  and  malt  used  in  the  production  of 
beer,  it  is  equally  necessary  that  we  should  be  able  to 
determine  whether  the  produce  of  our  manufactm-e  is 
also  recommenda,ble  in  stability,  and  the  forcing  test, 
therefore,  for  beer  described  in  the  body  of  this  work,  is 
one  that  is  never  likely  to  lose  its  hold  upon  the  fancy 
of  English  brewers,  because,  if  carefully  conducted,  it 
enables  us  to  foretell  the  general  tendency  of  the  beer 
experimented  upon,  and  to  decide  as  to  whether  it  would 
be  advisable  to  ship  certain  brewings  to  distant  coun- 
tries, or,  on  the  other  hand,  whether  they  are  endowed 
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only  with  the  capacity  of  resisting  trying  summer  influ- 
ences during  a reasonable  length  of  time. 

Importance  of  I caiiiiot  impress  upoii  readers  too  seriously  the  neces- 

biological  . „ . . . ^ 

examinations,  sity  for  giving  careful  attention  to  the  statements  that 
I have  just  made,  since  every  one  connected  with  the 
manufacturing  department  of  a brewery  should,  in  my 
opinion,  study  well  the  influence  which  the  quality  of 
extract  has  upon  the  general  character  of  beer  pro- 
duced, and  he  also  in  a position  to  accept  material  as 
of  standard  quality,  or  to  condemn  that  which  is  only 
likely  to  yield  defective  results  ; while  if  we  thoroughly 
master  the  secrets  of  biological  workmg,  we  shall 
soon  be  able  to  determine  whether  the  malt  or  other 
material  employed  in  the  production  of  our  beer  can  be 
looked  upon  without  suspicion,  whether  the  .resulting 
beer  itself  is  likely  to  prove  stable,  or,  on  account  of 
defects  in  character,  should  be  disposed  of  at  once,  even 
at  a loss  on  trade  price. 

In  saying  all  this  I am  anxious  that  brewers  should 
no  longer  rest  content  with  mere  analytical  reports 
that  are  fallacious,  deceptive,  and  valueless  in  every 
way  unless  they  are  confirmed  or  refuted  by  care- 
ful biological  examination  of  material  reported  upon. 
So  convinced  am  I that  the  biological  test  corresponds 
exactly  with  a similar  operation  on  the  larger  scale 
that  each  brewer  carries  out  unknowingly  on  his  own 
premises,  that  I assert,  without  fear  of  contradic- 
tion, that  if  brewers  would  only  take  the  necessary 
care  in  determining  the  true  biological  character  of 
material  offered  to  them,  they  would  be  able  to  keep 
comparatively  clear  of  returns,  since  they  would  in- 
variably discover  whether  the  material  suggested  for 
use  in  the  production  of  a certain  beer  warranted  the 
good  opinion  held  of  it  by  the  buyer,  who,  as  a general 
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rule,  accepts  merely  the  eye  appearance  of  malt  as 
determining  its  good  quahty. 

If  such  biological  examination  is  of  importance  in 
one  direction,  it  must  be  allowed  that  chemical  know-  Chemical 

^ . laDorator 

ledge  is  more  or  less  recommendable  in  another,  since  work, 
every  tyro  in  brewing  should  know  how  to  determine 
the  true  value  of  a sugar,  its  percentage  composition, 
the  acidity  of  a malt  or  that  of  sugar  extract,  the 
moisture  percentage  in  sugars  and  the  means  of  cal- 


culating it  out.  All  brewers,  too,  should  be  able  to 
determine  the  original  gravity  of  beers  and  the  essen- 
tial features  of  their  composition,  although  this  know- 
ledge would  be  of  little  value  unless  we  kept  in  mind 
the  fact  that  analysis  shows  us  only  the  quantity  of 
extract  obtainable,  and  very  indirectly,  if,  indeed,  at 
all,  the  quality  that  we  shall  be  securing. 

In  all  these  forcing  experiments,  i.e.  in  biological 
working,  where  temperature  has  such  an  enormous  in- 
fluence in  reference  to  results,  it  is  requisite  that  our 
forcing  trays  should  be  of  two  descriptions,  these  being  Temperature  of 

. PI  m forcing  trays. 

kept  perfectly  distinct — forcing  trays  for  beer  generally 
being  steady  at  a temperature  of  75°  to  80°;  while  a 
forcing  tray  for  malt  extract  should  not  be  higher 
than  75°,  the  forcing  cupboard  employed  when  deter- 
mining the  biological  character  of  water  being  retained, 
as  a rule,  at  a temperature  of  about  65°.  Eeaders  will 
please  remember  that  it  matters  little  what  the  tempera- 
tm-e  of  forcing  tray  is,  so  long  as  we  always  steadily 
adhere  to  a fixed  limit,  and  determine  for  ourselves 
the  relative  connection  between  results,  or  otherwise 
fix  our  own  standards  of  quality  when  carrying  out 
the  manipulation  in  a certain  way,  and  see  afterwards 
that  future  manipulation,  in  reference  to  material  of 
different  kinds,  is  in  strict  accordance  with  that 
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practised  when  experimenting  with  the  standard 
material. 

AVe  have  undoubtedly  much  to  learn  in  comiection 
with  the  subject  of  biology,  but,  in  dealing  with  this 
matter  as  one  of  practical  importance,  I have  endea- 
voured to  show  that  laboratory  teaching  of  the  present 
day  should  be  a little  more  in  advance  of  what  was  com- 
mon a few  years  back,  and  that  the  mere  determination 
of  percentage  composition  of  material  is  of  very  httle  im- 
portance unless  we  are  able  to  prove  conclusively  some- 
thing m connection  with  quality.  Fortunate  it  is  for 
brewers  that  means  have  been  determined  for  arriving 
with  accuracy  at  the  general  biological  tendency  of  a 
water,  the  malt  which  yields  the  extract  of  our  beer,  and 
of  the  beer  itself  when  exposed  to  an  ordinary  forcing 
test.  I have  never  known  biological  results,  when  care- 
fully arrived  at,  to  prove  in  any  way  deceptive,  although, 
of  course,  great  accuracy  of  manipulation  is  required 
so  as  to  prevent  the  dubious  results  that  I have  re- 
ferred to  as  likely  to  arise  if  manipulation  is  carelessly 
carried  out,  through  want  of  knowledge  or  skill  on  the 
part  of  the  operator.  Every  yomig  brewer  should  also 
know  how  to  determine  the  true  peptonised  character  of 
malt,  i.e.,  whether  it  is  already  rich  in  nutritive  yeast- 
forming matter,  or  whether  this  will  have  to  be  brought 
into  existence  through  the  influence  of  low  infusion 
heats,  although  he  would  do  well  to  remember  that, 
when  attempting  to  determine  easy  fermentation  by 
low  infusion"  temperatures,  he  will  be  driven  by  neces- 
sity {i.e.,  if  he  wishes  to  produce  a beer  of  stable 
character)  to  call  into  play  in  the  after-processes  of 
brewing,  corrective  means  to  determine  a stability  of 
wort  that  has  not,  in  the  flrst  instance,  been  secured 
under  or  through  the  agency  of  any  high  striking  heats 
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of  tlie  liquor  dealt  with.  I have  learnt  by  experience 
that  repetition  and  reiteration  of  certain  important 
statements  is  the  only  way  of  engrafting  them  suc- 
cessfully on  the  minds  of  ordinary  readers,  and  am 
not  ashamed,  therefore,  in  this  particular  chapter,  to 
confess  that  I have  adopted  this  principle,  in  referring 
to  the  subject  of  biological  examination,  as  a means 
of  enabling  the  brewer  to  determine  for  himself  the 
true  value  of  material,  while  writing  of  it  from 
several  distinct  points  of  view,  and  I sincerely  trust 
that  readers  wiU  see  for  themselves  the  immense 
importance  of  the  whole  subject. 

Of  course,  in  determining  biological  results,  we  have  The  microscope 
to  depend  upon  microscopical  observation,  and  I must  work'°^°^'^^ 
again  impress  upon  readers  the  necessity  of  avoiding 
any  combination  of  very  high  magnifying  powers, 
which  invariably  over- enlarge  yeast,  both  healthy  and 
diseased,  giving  to  the  former,  at  any  rate,  a distorted 
appearance,  while  it  is  seldom  that  the  varying  types  of 
diseased  ferment-hfe  present  come  into  focus  at  the 
same  time.  It  is  absolutely  essential,  also,  that  great 
care  should  be  taken  in  selecting  the  objective  glass, 
since  few  evidence  that  true  definition -capacity  that  is 
altogether  different,  of  course,  in  meaning,  to  simple 
magnifying  power.  From  long  experience  I may  safely 
assert  that  the  majority  of  microscopes  employed  in 
breweries  are  very  defective  in  this  particular  sense,  and 
that,  in  viewing  yeast  by  their  aid,  it  is  almost  impossible 
to  successfully  determine  the  true  physical  formation  of 
each  individual  cell  that  may  come  into  focus.  This  is, 
indeed,  a great  pity,  since,  when  examining  pitching 
yeast,  it  is  very  necessary  that  we  should  know  and 
recognise  not  only  the  type  or  family  to  which  our 
yeast  belongs,  but  also  the  physical  appearance  of  the 
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interior  plasma,  wliile  if  we  merely  look  for  shape,  size 
and  pretty  appearances  of  yeast  itself,  we  shall  be  wofully 
deceiving  ourselves  in  accepting  the  microscope  as  a 
guide  in  its  selection. 

In  dealing,  therefore,  with  the  subject  of  this  chapter, 

I have  tried  to  show  the  direction  in  which  labora- 
tory teaching  should  extend ; while  urging  that  mere 
chemical  Imowledge,  or  the  elementary  rudiments  of 
it,  are  of  little  or  no  service,  unless  we  adapt  them 
to  requh’ements  and  extend  our  knowledge  in  the  way 
of  ascertaining  not  only  mere  quantity  of  matter,  but 
its  tendency  in  biological  direction.  Let  readers  apply 
their  knowledge,  therefore,  not  only  to  the  mere 
examination  of  chemical  substances  which  are  now 
largely  used  in  practical  brewing  operations,  but,  if. 
wishing  to  be  uniformly  successful,  let  them  also 
grasp  the  meaning  of  true  biological  knowledge, 
and  apply  it  to  the  examination  of  the  principal 
materials  that  they  employ,  and  the  resulting  beer 
they  produce. 
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CHAPTEE  VII. 

DETAILS  OP  ILLUSTBATED  PLANT  AEEANGEMENTS. 

In  concluding  the  present  Appendix,  it  is  necessary,  I 
think,  to  give  a description  of  the  new  illustrations 
inserted,  a little  more  fully  than  in  the  foot-notes 
appended  to  each  Plate,  although  not  attempting  to 
go  into  any  great  detail  while  so  doing.  I may 
divide  the  subject  under  the  following  headings: — 
(1)  Howatson’s  Water-softening  Plant;  (2)  Limited 
Decoction  Plant ; (3)  Multitubular  Mash-tun  Circulat- 
ing Plant ; (4)  Hot  and  Cold  Aeration  Plant ; (5)  Cold 
Air  Plant ; (6)  Sterilisation  Plant ; (7)  Miniature 

Mashing  Plant. 

Howatson’s  Watee- softening  Plant. 

The  Water- softening  Plant  in  the  illustration  is  self- 
explanatory,  the  water  being  softened  by  chemical 
treatment ; while  the  subsidence  filter,  shown  in  sec- 
tion, is  simply  an  arrangement  that  facilitates  the  rapid 
subsidence  of  saline  matter  from  water  while  passing 
slowly  between  diaphragms  constructed  of  a material 
that  possesses  an  attractive  influence  for  suspended 
particles  of  any  kind.  The  whole  arrangement  is 
more  or  less  automatic  {i.e.,  requires  no  particular 
attention),  the  water  after  passing  through  the  softening 
and  filter  vessel  being  admirably  pure  and  soft.  I may 
commend  this  arrangement  not  only  to  large  users  of 
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boiler  power,  but  to  brewers  wbo  are  anxious  to  secure 
a pure  supply  of  steam  for  various  purposes  in  the 
brewhouse. 

Limited  Decoction  Plant. 

The  Limited  Decoction  Plant  is  illustrated  from  three 
different  points  of  view,  so  that  readers  may  the  more 
readily  mider stand  the  general  arrangement,  as  it  would 
be  in  the  case  of  their  own  individual  plants.  The 
decoction  vessel  itself  is  fitted  with  under-gearing,  and 
internally  the  motive  power  is  the  simplest  form  of 
screw  propeller,  while,  as  before  stated,  such  vessel 
may  be  readily  fitted  with  a slotted  bottom  and  sparge 
arrangement,  so  that  it  may  be  used  for  infusion 
mashes  if  required.  A steam  shoot  is  provided  to 
carry  off  excess  of  vapour,  and,  as  will  be  noticed, 
the  decoction  vessel  is  fed  by  a revolving  disc  mixing 
machine,  this  being  commanded  by  a small  grist 
case,  which  receives  the  20  or  80  per  cent,  of  grist 
that  we  intend  submitting  to  decoction  influences, 
the  run-off  pipe  being  connected  to  Steel’s  mixing 
machine  in  connection  with  the  larger  mash-tun  below. 
This  decoction  vessel  is  also  admirably  adapted  for 
sugar  inversion,  or  the  preparation  of  hot  liquor  for 
blending  purposes,  these  diverse  processes  possibly 
carried  out  in  it  rendering  necessary  a point  previously 
specified,  viz.,  that  all  fittings  should  consist  of  either 
copper  or  gun-metal.  The  foot-notes  appended  to  the 
illustrations  are,  I think,  sufficiently  explanatory  of 
details. 

Multitubular  Mash-tun  Circulating  Plant. 

The  Multitubular  Circulating  Plant  is  simply  plant 
giving  the  brewer  the  means  not  only  of  carrying  out 
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extended  wort  circulation  at  any  temperature  that  may 
be  desired,  but  also  enabling  the  operator  to  first  raise 
the  temperature  of  wort  to  a very  high  point,  and  then 
lower  it  again  before  re-sparging  on  to  goods,  while,  as 
the  pump  obtains  its  supply  from  the  run-off  mains 
from  mash-tun,  the  circulating  wort  never  comes  in 
contact  with  the  atmosphere.  This  would  not  be  very 
objectionable  in  itself,  but  the  beating  capacity  of  the 
multitubular  plant  specified  would  be  minimised  to  a 
considerable  extent  if  the  wort  bad  any  large  proportion 
of  air  intermixed  with  it,  since  this  would  act  as  a kind 
of  cushion,  and  prevent  the  wort  actually  touching  the 
heated  tubing  itself.  This  multitubular  plant,  of  course, 
requires  constant  cleaning,  for  not  only  does  the  wort 
passing  through  leave  a deposit  on  the  interior  piping, 
but  the  steam  used  frequently  throws  a saline  deposit 
(steam  generally  carrying  some  portion  of  water  me- 
chanically suspended)  on  the  outer  surface  of  the  same 
pipes,  so  that,  if  these  two  deposits  be  allowed  to 
accumulate,  the  heating  capacity  of  the  arrangement 
is  seriously  minimised.  Cleaning  is  best  carried  out 
either  by  means  of  friction,  or  by  allowing  strong 
caustic  potash  solution  to  stand  in  the  multitubular 
plant  when  out  of  use  ; the  tubes  themselves,  too,  can 
readily  be  removed  when  necessary,  while,  as  the  ends 
of  each  cylinder  are  closed  by  screw  caps,  these  can  be 
easily  removed,  so  as  to  render  cleaning  of  the  interior 
and  removal  of  tubes  a very  simple  matter. 

In  the  main  portion  of  the  Appendix  a tabular  state- 
ment appears,  showing  the  revolution  in  dextrine  pro- 
portions that  can  be  determined  by  the  employment  of 
this  plant,  so  further  reference  to  this  particular  matter 
is,  I think,  unnecessary. 

The  pump  employed  for  wort  circulation  need  not. 
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of  course,  be  of  any  particular  pattern,  while  the  one 
shown  is  termed  a “ combination  pump,”  being  used 
not  only  for  wort  circulation,  but  also  for  the  pui-pose 
of  aeration,  pumping,  and  throwing  either  a supply  of 
hot  or  cold  air  as  required. 

Hot  and  Cold  Aeration  Plant. 

The  illustration  showuig  the  Hot  and  Cold  Aeration 
Plant  is  also  sufficiently  detailed. 

The  combination  pump,  just  spoken  of,  sucks  the  air 
supply  through  cotton- wool,  this  removmg  all  suspended 
aerial  matter,  while,  after  passing  through  the  pump,  it 
is  again  filtered  through  cotton-wool,  to  remove  any 
trace  of  oil,  since  a lubricant  is,  of  course,  necessary  for 
the  proper  working  of  the  pump,  and,  as  pressure  is 
employed  also  in  the  pumping  operation,  the  temperature 
of  air  passing  through  the  cyhnder  is  raised  very  con- 
siderably, and  takes  up  in  result  a certain  amount  of 
volatile  oily  matter  which  is  quite  as  well  removed,  this 
being  accomphshed,  as  I have  said,  by  passing  the 
filtered  air  under  pressure  through  a cotton- wool  filter 
as  before.  When  the  air  is  required  hot  for  oxidation 
purposes  {i.e.,  in  connection  with  circulating  mash-tun 
wort,  copper  wort  as  collected,  or  cooler  worts  as  passing 
from  hop  back  to  cooler, — each  brewer  having  his  own 
particular  views  upon  this  question), — the  necessary  rise 
in  temperature  is  determined  by  passing  the  ah  pipes 
carrying  the  air  under  pressure  through  cylindrical 
heaters,  the  pipe  carrying  the  air  being  small  in 
diameter  and  spiral  in  form,  so  as  to  determine  the 
greatest  heating  area  possible  in  a limited  vertical 
length  of  cyhnder,  while  under  such  circumstances, 
and  as  depending  upon  pressui'e  and  heatmg  area  of 
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cylinder,  the  temperature  of  the  air  pumped  can  be 
raised  to  260°  or  270°,  this  being  mdeed  a matter  of 
importance  as  deciding  more  ready  oxidation  and  the 
greater  possibility  of  air  remaining  in  the  fluid  into 
which  it  is  forced.  In  other  words,  cold  air  would 
accomplish  just  the  same  oxidation  change,  although 
the  larger  proportion  of  cold  air  introduced  into  the 
fluid  would  escape  by  expansion.  Eeaders  will  under- 
stand, no  doubt,  that  as  hot  air  forced  through  a 
confined  space  owes  a considerable  portion  of  its 
apparent  heat  to  the  existing  pressure,  such  portion 
disappears  on  the  re-expansion  of  the  air  when  Hberated 
from  the  carrying  pipe  at  the  moment  of  introduction 
into  the  wort  undergoing  aeration,  so  that  no  actual 
rise  in  temperature  of  fluid  results,  and  it  is  for  this 
reason  that  hot  air  is  not  destructive  to  either  diastase 
or  peptase  ; nor  can  it  be  used  as  a forcing  power  like 
steam,  its  diffusive  tendency  being  too  great. 

When  air,  on  the  other  hand,  is  required  for  cold 
aeration  purposes,  i.e.,  for  accelerating  speed  of  attenu- 
ation, or  reviving  yeast  that  is  in  any  sense  weak 
through  inefficient  air  supply  (this  being  extremely 
common  in  breweries  where  fermenting  tuns  are  deep, 
and  when  the  system  of  brewing  carried  on  does  not 
embrace  preparatory  pitching,  or  indirect  aeration 
through  the  removal  of  fermenting  beer  from  one  vessel 
to  another)  the  air  passing  through  the  pump  is  cooled 
merely  by  carrying  the  conveying  pipe  in  spiral  form 
through  a corresponding  cooling  cylinder,  the  water 
being  supplied,  if  necessary,  from  a small  tank  containing 
ice  and  salt  also. 

Now,  cooling  under  pressure  means,  that  when  the 
air  so  cooled  is  allowed  to  expand  and  again  escape 
from  the  delivery  pipe,  it  becomes  much  colder  by 
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rendering  heat  latent,  and  thus,  if  we  cool  air  in  one 
of  these  cylindrical  arrangements  to  a temperature  of 
50°,  it  will  drop  quite  3°  or  4°  when  passing  from  the 
delivery  pipe  into  wort  that  we  are  aerating.  This 
air  supply,  consequently,  may  be  employed  with  great 
advantage  as  a cold  blast  above  the  sm’face  of  ferment- 
ing wort,  as  it  not  only  keeps  up  a definite  current,  but 
determines  naturally  a purity  of  atmosphere  above 
the  surface  of  wort  that  would  not  otherwise  exist,  this 
being  an  influence  quite  out  of  connection  with  the 
mere  aerating  office  which  it  is  called  upon  to  perform. 
The  illustration  shows  the  air  plant  in  detail ; the  com- 
bination pump  supply  pipe  in  connection  with  circulating 
cylinders,  the  air  supply  passing  also  through  a multi- 
tuhular  heating  cylinder  to  underbade  and  copper,  and 
through  a corresponding  cooler  to  fermenting  tuns,  the 
cold  blast  pipe,  duly  perforated,  being  shown  above 
level  of  wort,  the  aerating  pipe,  in  this  case,  being 
carried  to  bottom  of  fermenting  vessel.  The  whole  of 
the  piping  is,  of  course,  connected  by  means  of  unions, 
so  that  it  may  be  readily  taken  down  for  cleaning, 
although,  perhaps,  the  most  simple  and  commendable 
plan  would  be  to  blow  steam  through  the  whole  arrange- 
ment once  or  twice  a week,  while,  as  the  air  passing 
through  is  always  double  filtered,  it  is  easy  to  under- 
stand that  the  amount  of  dirt  accumulating  is  very 
minute. 


Cold  Aib  Plant. 

The  Cold  Air  Plant  illustrated  is  quite  out  of  con- 
nection with  the  subject  of  aeration,  being  used  in 
breweries  for  the  purpose  of  deciding  a cold  atmosphere 
in  the  fermenting  rooms,  yeast  stores,  or  beer  cellars. 

The  particular  arrangement  illustrated  is  used  very 
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extensively  on  tlie  Continent,  under  tlie  name  of  the 
Windhausen  Cooling  Macliine,  and  is,  I think,  generally 
preferred  by  Continental  brewers,  since  it  does  not 
involve  the  employment  of  chemicals  in  any  shape  or 
form,  the  principle  of  the  machine  depending  upon  the 
compression  of  air  that  is  cooled  under  pressure,  and 
the  liberation  of  the  cooled  air  to  accomplish  refrigerat- 
ing power  while  undergoing  expansion. 

I have  referred  to  this  matter  above  when  dealing 
with  the  point  of  cylindrical  coolers,  stating  that  when 
air  under  pressure  is  cooled,  and  again  allowed  to  ex- 
pand, it  renders  latent  the  same  identical  amount  of 
heat  as  that  liberated  on  compression,  and  since  it  is 
possible  to  cool  hot  compressed  air  by  the  aid  of  water 
at  a comparatively  useless  temperature  for  actual  re- 
frigerating purposes,  it  is  easy  to  see  that  we  can  gain 
an  enormous  advantage  when  determining  refrigeration 
by  allowing  the  cool  compressed  air  to  again  expand 
to  its  original  volume. 

The  worldng  of  this  machine  is  in  every  way  ex- 
ceedingly simple,  air  being  continually  compressed,  the 
liberated  heat  being  removed  by  refrigeration — that  is, 
by  the  aid  of  water  that  need  not  in  any  sense  be  very 
cold — while  the  cooled  compressed  air  is  allowed  to 
expand  and  pass  continuously  into  fermenting  rooms 
or  other  parts  of  the  brewery  that  are  best  kept,  if 
possible,  at  a low  temperature : while,  as  the  air 
pmmped  by  one  of  these  machines  can,  if  required, 
be  carefully  filtered,  it  is  easy  to  see  how  we  can 
not  only  determine  low  temperature  of  atmosphere, 
but  also  a greater  purity  than  would  otherwise  exist. 

The  general  idea  of  cold  pure  air  as  a necessary 
factor  in  successful  brewing  has  been  recognised  for 
years  past  on  the  Continent  and  in  America,  yet 
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English  brewers,  for  reasons  in  connection  with  the 
monopoly  that  exists,  have  hitherto  paid  but  shght 
attention  to  it.  Messrs.  Guinness  & Co.,  of  Dublin, 
however,  have  shown  during  recent  years,  in  a 
very  perfect  way,  the  benefit  that  can  be  secured  by 
adopting  the  principle  of  cold  as  determining  direct 
and  indirect  success  in  fermentation  through  improved 
quahty  of  yeast ; and  I am  sure,  therefore,  that  the 
general  principle  of  modifying  the  normal  condition  of 
atmosphere  existing  in  fermenting  rooms,  yeast  stores, 
and  beer  cellars,  during  imfavourable  seasons,  will  meet 
with  far  more  attention  in  the  future  on  the  part  of 
English  brewers  than  it  has  done  in  the  past,  while  I 
am  equally  certain  that  the  adoption  of  the  principle  in 
question  will  invariably  lead  to  improvement  in  prac- 
tical results. 


The  Steeilisation  Plant. 

The  Sterihsation  Plant  is  a very  simple  arrangement, 
the  following  explanation  being  sufficiently  detailed. 

The  Pastem’isation  vessel  itself  is  a cylindi-ical  steam- 
jacketed  copper  fitted  with  the  necessary  safety-valves, 
and  placed  at  a sufficient  altitude  so  that,  after  refrige- 
ration of  contents,  the  treated  fluid  may  pass  either  to 
casks  or  tanks,  as  most  convenient.  As  it  is  not 
exactly  advisable  to  aUow  a sterilised  fluid  to  come 
in  contact  with  air  after  the  treatment  has  been  carried 
out,  it  is  usual  to  pass  it  by  preference  through 
a closed  refrigerator,  which  is  shown  in  a sketch 
immediately  below  the  cyhndrical  vessel  itself,  while  the 
combination  pump  previously  spoken  of  may  obGously 
be  used  for  the  purpose  of  supplying  the  vessel. 
The  beer  midergoing  sterihsation  is  raised  in  tempe- 
rature through  the  agency  of  the  steam  jacket,  while 
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MINIATURE  BREWING  PLANT. 

For  determining  Color  and  Value  of  Malt,  and  preparation  of  Concentrated  Wort  for 

Yeast-feeding  purposes. 
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the  evaporation  of  spirit  is  prevented  by  fitting  to  the 
interior  of  the  vessel  a spiral  condenser  above  the  fluid 
line,  the  beer,  as  readers  will  remember,  being  sterilised 
imder  pressure,  this  being  regulated  by  safety-valve 
fittings,  the  pressure  itself  being  mainly  determined  by 
the  escaping  carbonic  acid ; in  order  also  to  secure 
large  pressure  at  the  limited  sterilisation  beat  adopted, 
it  is  necessary  to  fill  the  vessel  completely  with  fluid, 
or  otherwise  the  vacant  space  renders  it  impossible  for 
any  pressure  to  be  determined  by  the  limited  amount 
of  gas  and  vapour  that  escapes  from  the  fluid  itself, 

Miniatuee  Mashing  Plant. 

The  Miniature  Mashing  Plant  is,  in  my  opinion,  one 
of  the  most  important  portions  of  a modern  brewery, 
since  in  using  it  the  reader  may  easily  determine  some 
of  those  very  important  points  that  I have  referred  to 
when  dealing  with  the  biological  exammation  of  malt, 
and  each  parcel  of  malt  bought  can  be  readily  sub- 
mitted to  a preparatory  test  on  a sufficiently  large 
scale  that  will  enable  the  brewer  to  judge  of  its  real 
value  in  reference  to  colom:  and  character  of  the 
extract  that  it  is  likely  to  yield,  such  data  forming  a 
basis  for  judgment  as  to  the  probable  results  when 
employing  the  material  in  the  larger  operations  of  the 
brewery  itself.  This  plant  is  also  of  extreme  importance 
in  enablmg  brewers  to  prepare  some  eighteen  gallons  or 
so  of  highly  concentrated  wort,  this  being  used  for 
definite  yeast-feeding  purposes,  i.e.,  the  pitching  yeast 
is  intermingled  with  concentrated  wort  containing  no 
bop  extract,  and  allowed  to  feed  in  this,  or,  in  other 
words,  to  revive,  mature,  and  gain  alcoholic  capacity, 
under  the  influence  of  the  strong  aerated  wort,  some 
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thirty  or  forty  minutes  before  being  introduced  into  the 
main  portion  of  brewing  collecting. 

The  illustration  shows  a miniature  mashing  plant  of 
one  or  two  bushel  capacity,  fitted  with  bin,  miniature 
Steel’s  mixing  machine,  naked  steam  wort  circulatmg 
arrangement,  jacketed  copper  fitted  also  with  naked 
steam  supply,  and  dome,  circular  hop  back  fitted  with 
sparge  and  slotted  bottom,  and,  finally,  vertical  refri- 
gerator and  collecting  vessel, — the  whole  being  in  strict 
unison,  and  constructed  with  the  idea  of  favouring  the 
usefulness  of  the  arrangement  for  the  special  purposes 
named. 

The  Excise  authorities  invariably  grant  a permit  for 
the  employment  of  such  plant  under  very  simple  con- 
trol, no  duty  being  chargeable  on  the  limited  quantity 
of  beer  produced  if  this  wort  be  run  to  waste  before  or 
after  fermentation,  while  if  it  be  carried  forward  for 
yeast  feeding  purposes  it  constitutes,  of  com'se,  a 
portion  of  the  entire  wort  collected. 

It  is  needless  to  refer  to  these  illustrations  in  greater 
detail,  since,  in  the  text  of  the  various  chapters,  the 
special  pm’pose  for  which  the  ^several  portions  of  all 
plant  illustrated  are  used  has  been  fully  described. 
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GARTON’S  PATENT  BREWING  SUGARS. 


GARTON,  HILL  & CO., 

SOLE  LICENSEES  AND  MANUFACTUKEllS. 

LiEVO-SACCHARUM. 

Garton’s  LiEVO-SACCHARUM  is  a refined  inverted  Sugar  specially  prepared 
for  Brewing,  which  has  since  J861  been  most  successfully  used  by  Brewers  in 
different  parts  of  the  world  for  the  production  of  Export  and  Stock  Ales, 
running  Ales,  and  Porter. 

Unlike  ordinary  Sugar,  it  is  free  from  impurities  detrimental  to  a keeping 
Beer,  and  being  perfectly  inverted,  undergoes  vinous  fermentation  simultaneously 
■with  the  Malt  wort. 

It  supplies  a purely  Saccharine  basis  in  the  proportion  by  which  it 
displaces  Malt,  and  in  like  ratio  lessens  the  amount  of  inherent  nitrogenous 
matter ; it  also  aids  elimination  of  the  remaining  gluten,  and  gives  the 
balance  of  Sugar  required  to  support  after  fermentation. 

By  the  use  of  Garton’s  Saccharum,  Brewers  are  rendered  less  dependent 
upon  the  constituents  of  their  water,  and  can  brew  Beer  surpassing  even 
Burton  Ales  in  brightness  and  endurance ; they  are  less  liable  to  climatic 
influences  when  brewing  in  summer,  and  the  risks  of  brewing  are  consequently 
minimised. 

Beer  thus  brewed  is  well  suited  for  transit,  and  is  specially  adapted  for 
bottling,  by  reason  of  the  absence  of  sediment,  and  diminished  risk  of  bursting 
bottles. 

By  the  use  of  Garton’s  Saccharum  a relatively  larger  quantity  of  Beer 
may  be  brewed,  and  in  addition  to  its  economy,  as  compared  with  MALT 
AND  HOPS,  A GREAT  SAVING  (SAY  TEN  PER  CENT.)  IS 
EFFECTED  IN  THE  QUANTITY  OF  HOPS  REQUIRED. 

According  to  the  latest  Excise  Returns  of  all  Stigars,  whether  Raw  or  Manu- 
factured, employed  in  brewing,  more  than  one-third  of  the  total  quantity  used 
in  the  United  Kingdom  consists  of  GARTON’S  Saccharum. 

Leevo- Saccharum  is  supplied  in  Casks,  containing,  in  even  xoeights,  2,  .3,  4, 
and  Q-ewts.  each. 


DEXTRO-SACC  H AR  U M. 

This  Sugar  differs  from  Lfevo-Saccharum  in  composition.  It  has  a dextro- 
rotatory power,  and  is  similar  in  appearance  to  the  Brewing  Sugars  known  as 
“Saccharines”  and  Glucoses. 

It  is  prqiared  by  improved  Patented  processes,  whereby  the  Albumen 
Gluten,  and  Oily  constituents  of  the  grain  are  entirely  removed. 

As  Cereals  are  largely  employed  in  its  manufacture,  it  can  be  produced 
more  cheaply  than  La3vq-Saccharum,  and  will  be  preferred  by  many  Brewers 
on  account  of  its  convenient  form,  viz.,  small  pieces,  readily  soluble,  packed  in 
Bags  of  1 or  2-cwts.  each. 


Further  details,  prices,  and  terms,  may  be  obtained  on  application  to  — 

GARTON,  HILL,  k CO.,  Southampton  Wharf,  Battersea,  S.W. 
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WILLIAM  BRADFORD, 


^rdjitcct 


AND 


BREWERS’  CONSULTING  ENGINEER. 


CARLTON  CHAMBERS, 

12,  REGENT  STREET,  LONDON,  S.W. 


DESIGNS  & SPECIFICATIONS  PREPARED 

FOR 


BREWERIES,  MALTINGS,  DISTILLERIES,  &c. 


ALSO  FOK  ADDITIONS  OR  REPAIRS. 


0. 


(L  IBII  TE  D). 


The  Company  manufactxires  the  following  varieties  of  Brewing 
Sugars,  calculated  to  meet  every  requirement  of  the  Trade, 

viz. : — 

MALT  SUGARS. 
CONDENSED  SACCHARDM. 
INVERT  CANE  SUGAR. 
CARAMEL. 

Prices  & Further  Particulars  may  be  obtained  on  Application. 


The  Manufacture  is  now  conducted  under  the  Scientific 
Supervision  of  B.  E.  E.  NEWLANDS,  Esq.,  E.I.C.,  E.C.S., 
late  of  Clyde  Wharf  Sugar  Eefinery,  and  Member  of  the  fii’in 
of  Newlands  Bros.,  Analytical  and  Consulting  Chemists,  27, 
Mincing  Lane,  London,  E.C. 


TELEGRAPHIC  ADDRESS:  “SAOOHARUM,”  LONDON. 


WOEKS  AND  OFFICE— 

CARPENTER’S  ROAD,  STRATFORD,  LONDON,  E. 


H.  STORES  & CO., 

CONSULTING  MALTSTERS, 

BREWERS’  AND  MALTSTERS’ 

^rrljitots  ailiJ 

24a,  SOUTHWARK  STREET 
(8,  12,  13,  14,  15,  16,  17,  18,  HOP  EXCHANGE), 

LONDON,  S.E. 

FIRST  INTRODUCERS  INTO  GREAT  BRITAIN 
OF  TWO-FLOOR  MALT-KILNS. 


The  “STORES’”  System  of  Malting- has  been  adopted  with 
much  satisfaction  by  many  eminent  firms  in  Great  Britain 
and  the  Colonies. 

STORES’  PATENT  THERMOMETERS. 

STORES’  PATENT  FINING  MACHINES. 
STORES’  CONICAL  STEEPING  CISTERNS  & VALVES. 


iov 

GALLAND’S  and  for  SALADIN’S  PNEUMATIC  MALTIN6S, 

AND  MANY  NEW  INVENTIONS. 


Se7id  for  Circulars,  Pxrticulai's,  and  Copies  of  Testimonials.  Every  Want 
of  a Maltster  or  Brewer  supplied. 


TWENTY-FIRST  YEAR  OF  CONTINUOUS  SUCCESS. 

BRAMmPPARATUS  FOR  PURIFYING  PITGHINGYEART. 

Testimonials  from  Brewers  who  make  sound,  vigorous  Y^st  without  change.  The 
^ly  Machine  and  method  of  pui-ification  protected  hy  Boyal  Letters  Patent. 


it 


tlbe  Ibop  Supplement.” 


(Called 

To  save  one-third  of  the  Hops,  and  supplement  the  Hops  used  valuable 
keepino-  properties.  The  “ H.S.”  produces  a more  delicate  flavour  m the  finest 

Pale  A1 

Bu  Post,  Packtl  equivalent  to  4 lbs.  Best  Hops,  Is. ; 10  lbs.  2s.  ed. ; 50  lbs.  12s.  6d. 

•'  Sold  in  Packets  of  all  Sizes,  Oarnage  Free. 

PEIVATE  TESTIMONIALS  FROM  HIGH-CLASS  BREWERS  WHO  HAVE  USED 
IT  SUCCESSFULLY  FOR  SEVENTEEN  YEARS.  


IWO  XKEOXC.XS 

«ra&Ie?’s  Ipatent  2»r?  “ f rotbing  Powber. 

Dissolves  blight,  and  produces  a good  lasting  head  on  Ale  and  Portei. 
Sample  by  post  Hd.,  to  cream  36  gallons  to  the  glass.  Gives  neither  taste  nor 
smell.  Price  8s.  per  lb.  Large  quantities,  special  terms. 

JSrable^’s  Beer  Preservative. 

(Called  “B.P.”) 

Unequalled.  Costs  less  than  ^d.  per  barrel.  Is  a dry  powder,  without  smell 
or  taste. 

Brablev’s  permanent  Ibarbenlng. 

(Called  “P.H.”) 

For  rendering  the  Mashing  Liquor  equal  to  the  celebrated  Burton  Springs. 
Readily  Soluble.  Twice  the  available  strength  of  any  other  Burton  Water 
Material  in  the  market.  In  cwt.  kegs,  30s.  per  cwt. 

Pasteur’s  “J^east  IHourlsbment.” 

(Registered  “Y.N.”) 

This  is  the  Preservative  Yeast  Food  which  is  approved  and  extensively  used 
in  England  and  Abroad.  10  oz.  packet  sufficient  for  20  barrels.  Is.  In  bulk 
.£8  8s.  per  cwt. 

Brable^’s  fllbasb  /Hbaterlal. 

(Called  “M.M.”) 

To  use  in  the  Mash  for  purifying  the  Wort  from  the  injurious  portions  of  the 
Malt,  for  protecting  the  Wort  from  acidity,  and  for  producing  a Beer  of  greater 
delicacy  of  flavour  and  colour-,  even  from  inferior  Malt.  Guaranteed  of 
highest  purity  and  greatest  strength.  Is.  per  lb. 


MANUFACTTJBED  ONLY  BY 


49.  51. 


NATHL.  BRADLEY,  F.C.S. 

{Proprietor  0/ the  Old  Firm  0/ ESTCOURT  & CO.) 

53.  55)  Chapman  Street,  Hulme,  MANCHESTER. 


Analyai$of  all  Materialo  connected  wUh  Brewing  by  NATHL.  BRADLEY,  F.C.S.,  Analystto  the 
Mancheeter  Brewers'  Association! 

TELEGRAPHIC  ADDRESS— ANALYSES,  MANCHESTER.” 
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TRADE  MARK. 

Li  Si  Co. 

TELEGRAPHIC  ADDRESS : 

"AUDAX,  LIVERPOOL”  DAX^ 

L’POOLi 


THE  LIVERPOOL  SACCHARINE  COMPANY’S 

PURE  HALT  SACCHARINE 

How  extensively  used  by  tbe  Best  Brewers  in  the  Kingdom. 


Works ; 20  & 22,  BLACKSTOOK  ST.,  LIVERPOOL, 


London  Stores : 
Dowgate  Dock  Warehouses. 
83,  Upper  Thames  Street. 


The  greatest  care  is  bestowed  upon  its  manufacture. 

It  is  of  best  uniform  quality  and  strength,  free  from  any  Deleterious 
Acrid  or  Bitter  flavour. 

Beers  brewed  with  it  are  superior  in  flavour  aiid  quality  to  those 
brewed  with  Malt  alone,  or  with  Malt  and  inferior  Saccharine,  or  Malt 
and  Cane  Sugar. 

The  Materials  used  in  its  manufactm’e  are  all  of  the  highest  quality, 
and  such  only  as  will  produce  good,  strong,  and  healthy  fermentations, 
thereby  insuring  quick  condition,  brilliancy,  and  keeping  properties. 

Two  cwt.  give  a guaranteed  Extract  of  208  Bates. 

It  is  crushed  in  small  pieces,  and  sent  out  in  1 cwt.  bags. 


INVERT  SUGAR. 

We  manufacture  the  superior  quality  only,  guaranteed  entirely  made 
from  whole  Raw  Cane  Sugar  as  imported. 

Sent  out  1 cwt.  pails  and  2 cwt.  casks. 


PARTICULARS,  SAMPLES,  PRICES,  TERMS,  &c.,  WILL  BE 
SUPPLIED  ON  REQUEST. 


BACKS  & VATS 

ENGLISH  OAK, 

No  Taint.  No  Smell.  No  Timkr  so  Lasting. 

MASH  TUNS 5 to  150  qrs. 

UEDERBAOKS 5 to  100  brls. 

FERMENTma  VESSELS  . . 5 to  500  „ 

STORE  VATS 40  to  4,000  „ 

All  other  Brewing  Vessels  from  the  best  of  their  respectiue 

materials. 


English  Oak  has  invariably  and  universally  been  preferred  by 
Brewers  for  tlieir  vessels,  and  especially  when  these  vessels  have  to 
contain  Beer  in  the  various  stages  of  its  manufacture.  Messrs. 
Wilson  & Co.  have  j)urcbased  from  time  to  time  large  numbers  of 
English  Oak  Trees,  which  they  have  converted  into  plank  with  their 
own  steam  saw  mills,  until  they  have  accumulated  a very  large  stock 
specially  selected  for  Brewers’  use.  Besides  this  they  have  fitted  up 
their  workshops  with  the  best  and  most  perfect  machines,  so  as  to 
reduce  the  cost  of  production  as  much  as  possible.  Testimonials  as  to 
excellence  of  work  and  material  can  be  had  upon  apphcation,  and 
Messrs.  W.  & Co.  hope  that  Brewers  requiring  renewals  of  old  vessels 
or  an  increase  of  number  will  write  to  them  for  prices. 

CEDAR  BACKS. 

WILSON  & CO.  are  prepared  to  supply  vessels  made  of  White 
Cedar,  such  as  are  used  in  the  American  Breweries,  and  will  be  happy 
to  quote  prices  for  same. 


WILSON  8l  CO., Limited, 

Breiuers'  Engineers,  Fro  me,  Somerset 


RECrISTERED 


REGISTERED 


TRADE  MARK, 

“ABYSSINIAN;’ 


PURE  WATER 

OF 


TRADE  MARK, 

“ NORTON,” 


EVEN  TEMPERATURE 

AND 


ABUNDANT  QUANTITY, 

SO 


INVALUABLE  to  BREWERS, 

EFFECTOAllY  4 ECONOMICALLY  OBTAINED  BY  OUR  SYSTEM  OF 


ARTESIAN  BORED  TUBE  WELLS  AND 
“ABYSSINIAN”  TUBE  WELLS, 

As  adopted  at  ALISOPP’S,  BASS'S,  TEITMAN'S,  and  upwards  of 
One  Hundred  Breweries  throughout  the  Kingdom, 


FOR  PRINTED  PRICE  LISTS  and  FULL  PARTICULARS 

APPLY  TO 

LE-6KAND  & SUTCLIFF, 

HYDRAULIC  ENGINEERS  AND  CONTRACTORS  FOR  TOWN  WATER 
WORKS,  AND  TO  H.M.  GOYERNMENT, 

MAGDALA  WORKS,  BUNHILL  ROW, 

LONDON,  E.C. 


CO.’S 


CRAWFORD  & 

PATENT  IjMPROVED 

CARBON  ENAMEL. 

THE  ONLY  RELIABLE  CURE  FOR  MUSTY  CASKS 
AND  STINKERS. 


MESSRS.  CRAWFORD  & CO.’S  Improved  Patent 
Carbon  Enamel,  ha\ing  been  used  permanently  by 
more  than  1,000  Brewers  for  many  years  (thereby  establishing  its 
valuable  qualities),  is  the  only  certain  cure  for  musty  casks  and 
stinkers.  Brewers,  Vinegar  Makers,  Coopers,  etc.,  are  soKcited  to 
give  it  a trial,  wliicb  may  be  done  by  sending  a foul  cask  or 
stinker  to  C.  & Co.,  who  will  Enamel  it  free  of  charge. 

The  Enamel  is  not  merely  a surface-coating,  but  by  means  of 
flaming  off,  is  driven  into  and  thoroughly  impregnates  the  wood,  so 
that  no  knocking  about  or  coopering  has  any  effect  upon  it.  The 
Enamel  does  not  impart  the  shghtest  smell  or  taste  to  the  Beer,  and 
by  effectually  preventing  the  liquid  from  coming  in  direct  contact  with 
the  wood,  naturally  preserves  the  casks  from  decay  and  prolongs 
their  durability  to  nearly  double  that  of  unenamelled  ones.  It 
prevents  the  Carbonic  acid  and  the  hquid  from  being  absorbed  by 
the  wood,  greatly  increasing  thereby  the  keeping  qualities  of  the 
beer,  and  almost  entirely  dispensing  with  filling  up. 

The  Enamelled  Casks  are  easily  cleansed  by  rinsing  well  out 
with  warm  Hquor,  which  obviates  the  wood-destroying  influence  of 
steam  and  effects  a great  saving  of  time,  labour,  and  trouble. 

For  seasoning  new  casks,  old  and  new  vats,  squares,  yeast-backs, 
and  all  brewery  utensils  not  exposed  to  the  action  of  boiling  liquor 
or  steam,  it  is  admirably  adapted,  and  enjoys  a continually  in- 
creasing reputation  and  demand. 

For  full  particulars,  prices,  testimonials,  and  directions  for  use 
apply  to  — 

MESSRS.  CRAWFORD  & CO., 

ST'i,  WELLCLO  SE  SQUARE,  LOTVUOIV,  E- 


IMPORTANT  TO  BREWERS,  DISTILLERS,  &c. 


ROBERT  MORTON  & CO.  S 

Improved  Patent  Vertical  Refrigerator, 

For  Cooling  Brewers’  and  Distillers’  Worts  and  other  Fluids,  the  Condensing  of 
Steam,  the  Cooling  and  Condensing  of  Spirits  in  Distilleries,  &c. 

GOLD  AND  SILVER  MEDALS,  FOR  REFRIGERATION,  AWARDED  AT  VERSAILLES, 
LONDON,  AND  PARIS,  TO  ROBERT  MIORTON  & CO.,  BURTON-ON-TRENT- 


The  Advantages  of  these  Refrigerators  are  as  follows : — 

Being  made  of  Morton’s  Patent  Tubes,  which  by  a new  process  are  drawn  nearly  as  hard  as 
steel,  they  will  stand  a very  great  pressure  (although  made  of  metal  in  substance  little  thicker 
than  a sheet  of  writing  paper),  thus  combining  great  strength  with  unequalled  cooling  power. 
Every  part  is  perfectly  accessible,  so  that  both  inside  and  outside  the  tubes  can  be  readily 
cleaned  with  the  greatest  ease.  These  new  Refrigerators  are  most  easily  repaired,  and  in  case 
of  a tube  bursting  by  frost  or  accident,  it  can  be  replaced  with  a new  one  within  an  hour,  extra 
tubes  being  supplied  with  these  Refrigerators  at  a small  cost. 

ILLUSTRATED  PRICE  LISTS  ON  APPLICATION. 

Patentees  and  Sole  Makers — 

ROBER.T  >IOTiTLX>TV  & CO., 

Brewers’  Engineers,  Brass  and  Iron  Founders,  Coppersmitlis,  &c. 

TRENT  WORKS,  BURTON-ON-TRENT. 


The  attention  of  the  Brewing  Trade  is  called  to  the  Special  Advantages  of  using 

GELATimSED  AND  FLaSd  RICE  MALTS 

IN  COMBINATION  WITH  ORDINARY  BARLEY  MALT. 


Specially  recommended  for  Stock  Beers,  Pale  Ales,  &c. 


1 An  improved,  (juality  of  Beer  of  the  same  character. 

Ripening  quickly  with  marvellous  condition,  brilliancy,  and  soundness. 
Greater  palate  fulness  and  fining  quicker,  either  spontaneously  or  Avith 
Finings. 

2.  Gelatinised  Rice  Malt  Beers  please  the  public  taste  better  than  any 

otlier,  being  more  Avholesome,  more  digestible,  and  of  a light,  refreshing 
character;  i.e.,  the  Pure  Beer  of  the  future.  Specially  recom- 
mended by  the  Medical  Faculty. 

3.  Economy.— Two  and  a half  cwt.  (the  brewing  quarter)  yielding  90  extract, 

costing  (No.  2)  27s.  6d.,  and  (No.  1)  30s.,  shoAvs  a saving,  as  compared 
to  Barley  Malt,  of  8s.  to  14s.,  per  quarter. 

The  comparison  of  prices  should  be  made  against  the  best  class  of  Barley 
Malts,  as  Rice  Malt  is  the  purest  and  soundest  of  all  Malts,  and  is 
suited  for  the  finest  Beers. 

4.  Improvement  in  the  Fermentations. 

Better  and  stronger  yeast  produced. 

No  changes  of  yeast  required  Avhen  the  Rice  Malt  is  regularly  used  in 
all  the  Beers. 

No  boiling  or  sluggish  fermentations. 

5.  No  alteration  of  Plant  or  System  of  BreAving  is  required. 

The  Rice  Malt  is  simply  mixed  Avith  Barley  Malt,  and  mashed  in  the 
ordinary  Avay. 

6.  Proportions  to  be  used,  15  to  30  per  cent. 

Rice  Malt  is  specially  useful  to  the  BreAver  in  agricultural  districts, 
enabling  him  to  use  the  stained  and  inferior  local  Barleys  instead 
of  purchasing  lar^e  quantities  Foreign  Barley,  the  use  of  Avhich  is 
highly  detrimental  to  the  farming  interest. 

7.  Gelatinised  Rice  Malt  contains  no  acidity,  mould,  or  unsound  ferment 

germs. 

The  Gelatinised  Rice  Malt  has  noAv  been  in  use  for  more  than  five  years 
in  over  400  BreAveries,  ranging  in  size  from  5 to  500  quarters. 


FULL  PARTICULARS  AND  PRICES  ON  APPLICATION. 


GILLMAN  & SPENCER,  Limited, 

Cast/e  Brewery,  21,  St  George’s  Road,  Southwark, 

AND 

PATENT  MALTINGS,  GORDON’S  WHARF,  ROTHERHITHE, 

LONDON,  S.  E. 


MAKERS  OF 

Patent  Solid  Block  Refrigerator. 

„ Automatic  Wort  Regulator. 
„ Filter  Presses. 

Improved  Attemperators. 

„ Parachutes. 

„ Boiling  Coils. 

„ Hop  Presses. 

„ Cask  Washers. 


THE  BURTON  COPPER  WORKS, 

BURTON-ON-TRENT. 


S.  BRIGGS  & CO., 

COPPERSMITHS,  BRASSFOUNDERS,  &c. 


Estimates  given  for  all  Descriptions  of  Brewery  Plant. 


E' 


MANBRE 

PURE  MALT  SACCHARINE. 

Extensively  used  by  the  Best  Brewers  in  the  Kingdom. 


LD 

¥ 
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The  fermentable  Saccharine  in  Malt  Worts  will  remove  only 
about  two-thirds  of  the  nitrogenous  matter  it  contains.  The 
remainder  is  principally  the  cause  of  Beer  turning  sour ; and 
the  use  of  our  Saccharine,  in  the  proportion  of  one-third 
Saccharine  to  two-thirds  Malt,  will  remove  all  remaining 
nitrogenous  matter,  and  free  the  Beer  from  objectionable 
tastes. 


It  will  increase  the  amount  of  alcohol  and  carbonic  acid,  and 
thereby  augment  the  keeping  property  of  the  Beer,  and  make 
it  specially  adapted  for  export  to  hot  climates. 

It  produces  Beer  greatly  excelling  in  purity,  in  brilliancy  of 
colour,  and  delicacy  of  flavour,  the  Beers  brewed  with  Malt 
alone,  or  with  Malt  and  Cane-Sugar. 

As  it  is  sent  out  in  small  pieces,  the  Brewer  mil  find  no 
difficulty  in  dissolving  it  either  in  the  Hop  or  Underback,  by 
letting  the  Worts  run  over  it,  and  where  space  is  limited  it  will 
enable  the  Brewing  of  one-third  more  Beer  -without  increase 
of  Plant. 


INVERT  SUGAR. 

We  manufacture  also  a very  superior  description  of  Invert 
Sugar  or  “ Saccharum.”  which  we  guarantee  to  be  made  solely 
from  Cane-Sugar.  This  article  is  made  upon  the  most  improved 
principles,  and  as  none  of  the  crystals  or  “ pieces  ” are  abstracted 
an  absolutely  pure  product  is  ensured.  W e supply  it  as  a liquid 
in  2 cwt.  and  4 cwt.  casks,  or  as  a solid  in  1 cwt.  galvanized  iron 
covered  pails. 

For  Samples,  Prices,  Terms,  and  References,  apply  to 

MANBRE  SACCHARINE  COMPANY,  Limited, 

SOLE  MANUFACTURERS. 

Works : Fulham  Palace  Road,  Hammersmith,  W. 

Offices : 110,  Cannon  Street,  E.C. 


;zKc: 
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256  lbs.  of  our  products  may  be  used  as  an  equiva- 
lent for  one  Quarter  of  Malt,  which  places  them  in  a 
very  favourable  position  in  respect  of  Excise  Duty, 
as  compared  with  Malt. 


J 
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Isinglass,  Finings,  and  Brewers’  Sundries. 


BISULPHITED 
AND  SOLUBLE 
CONCENTRATED 
ISINGLASS 


Immediately  convertible  into  tasteless  Beer  Finings 
of  first  purity  and  strength,  at  all  times  will  act  rapidly 
and  permanently,  a wonderful  preservative  and  very 
economical.  Bisnlphited  No.  1,  1/8  ; No.  2,  1/-  per  lb. 
Soluble  No.  1,  1/4 ; No.  2,  0/10  per  lb.  In  casks  of  20, 
40,  80,  and  160  lbs. 


LIQUID  Tasteless  acidless  finings,  in  kils.,  bids.,  or  lihds., 

FININGS  strength  1/2  per  gallon  ; double  strength  0, 10  per 

gallon  ; brls.  and  hhds.  treble  strength  carriage  paid. 


A two-gallon  cask  of  our  Concentrated  Finings,  cost- 
FTNTNGS  7d  nr  GqI  20/-,  will  at  once,  by  addition  of  water  or  mild  ale, 
’ ' ■ make  into  thirty-six  gallons  of  strong  finings.  In 

2,  4,  6,  and  8 gallon  ca^s.  Casks  free. 


Over  2,500  now  in  use  in  the  breweries  of 
the  United  Kingdom  and  Colonies.  In 
saving  of  labonr  alone  quickly  repays  its 
cost.  Finings  made  by  it  are  every  way 
superior  to  hand  and  sieve,  made,  being 
perfectly  aerated  and  of  nniform  consis- 
tency. The  machine  -will  sieve  or  strain 
thirty-six  gallons  in  ten  minutes.  Nu- 
merous testimonials  (received  during  past 
eight  years)  may  be  seen  on  application. 
Prices,  to  fit  hhd.  £5  5s.  Ocl.  ; brl. 
£4  14s.  6d.  ; and  small  or  kil.  size  witli 
one  only  sieve  of  intermediate  perforation 
£3  10s.  Od.  Larger  sizes  quoted  for. 


DOUBLE  HUMU- 
LIN  (Hop  aroma) 

For  at  once  flavouring  Mild  Ale  like  Pale.  1 lb.  20/-. 
equal  to  32  lb.  choice  Golding  Hops. 

BISULPHITE  OF 
LIME 

From  6/6  to  10/-  per  cwt.  In  qr.  casks  (25  gallons) 
and  hhds. 

DUBLIN  EXTRA 
CONDITION 

For  imparting  a brown  creamy  head  to  Stout  or 
Porter.  In  1 lb.  bottles  @ 12/-  per  lb. 

ACIDS 

Sulphurous,  Tartaric,  Acetic.  Prices  according  to 
strength. 

B.  HERRING,  GILES,  & CO., 

40,  GREAT  TOWER  STREET,  LONDON,  E.C. 


THE  “PATENT”  FININGS 
MAKING  MACHINE. 


Warehouses  and  Stores  : 

40, 41,  and  42,  GREAT  TOWER  STREET,  and  23,  BEER  LANE,  E.C. 

CHEaUES  CROSSED  BANK  OF  ENGLAND.  P.0.0.  SEETHING  LANE. 


INSKIPP  & MACKENZIE, 

Hvcbitects, 

Consultino  EnGineers, 

anb  Valuers, 

5,  BEDFORD  ROW,  LONDON,  W.O., 

Prepare  Plans  ^ ^c.,  and  Superintend  the 

Erection  of  Breweries  and  Plants  and  of  all 
Buildings  or  Works  connected  with  same. 

Also  for  Mailings^  either  for  English,  or 
Pneumatic  System  of  Working.^  and  with 
Single  or  Double  Floor  Kilns. 


PRESERVATION  OF  ALCOHOLIC  LIOCIDS, 


PRENTICE  BROTHERS,  STOWMARKET, 

ORIGINAL  MANUFACTURERS  OF 


TRADE  MARK. 


DRY 

CALCIC 

SULPHITE. 


. Proved  to  be  particularly  adapted  for  the  preservation  of  all  Fermenting 
Liqums.  Attention  is  drawn  to  its  demonstrated  success  as  a restorative  of 
sour  beer  to  its  original  brilliancy  and  soundness,  with  absence  of  returning 
acidity.  The  best  material  for  cleansing  and  rendering  old  brewing,  fermenting, 
and  distilling  plant  perfectly  sweet. 


“GUH  KRANO  SALIS.” 


The  FIRST  and  ORIGINAL 
PREPARATION  for  Soft 
and  Impure  Waters,  render- 
ing them  suitable  for  the 
production  of  Sound  and 
Brilliant  Ales. 


t&AJ)B  UABK. 


Manufacturers  of  SOUTHEY’S  PURE  CALCIC  CHLORIDE 
SOLUTION  for  imparting  palate  fulness  to  beers.  A and  IV 
solution  for  treatment  of  waste  and  other  preparations.  For  further 
particulars  apply  to — 

GEORGE  A.  CLOWES  & CO., 

SOLE  AGENTS, 

IVEEDHAM  >IAFMvET. 


MAIGNBN’S 

“ FI  LTRr°RAPI  D E.” 

Service”  and  ‘‘Large  Supply”  Class, 

FOR  WA.TER- 

In  this  process  the  water  has  to  pass  through  granulated  carho-calcis,  then 
through  a layer  of  very  finely  powdered  carho-calcis,  which  intercepts  all  the 
organic  matter  in  suspension  and  solution  in  the  water. 

The  lime  and  otlier  mineral  salts  may  either  be  left  in  solution  in  the 
water,  or  they  may  be  removed  by  connecting  the  Filter  with  Maignen’s  New 
Patent  Process  of  Softening  Water. 

This  Filter  has  received  one  Gold  Medal  and  two  Diplomas  of  Honour  at 
the  Great  International  Fisheries  Exhibition,  a Special  Medal  of  Merit  from 
the  Sanitary  Institute  of  Great  Britain,  Silver  Medal  from  the  National  Health 
Exhibition,  &c.,  &c. 

It  can  be  cleansed  easily  by  the  users  themselves,  and  kept  in  perfect 
order  at  a very  trifling  expense. 

It  has  been  adopted  by  the  War  Office  for  the  use  of  the  Troops  in  the 
Soudan. — Vide  Daily  News,  March  1,  1884,  and  The  Engineer,  March  7,  1884. 

Maignen’s  Patent  “ Filtre  Rapide,”  Class  A, 

FOR  RFFR. 

In  this  process  the  Beer  passes  through  a layer  of  filtering  paper,  and  it 
is  thoroughly  clarified  without  losing  any  of  its  good  qualities.  Thousands  of 
barrels  of  returns  and  stubborn  Beers  are  now  clarified  by  this  process. 
References  given. 

FOR  COOLER  BOTTOMS  AND  WORT  BEFORE  FERMENTATION 
NO  PAPER  IS  REaiTIRED. 


Send  One  Gallon  Sample  of  tlie  Beer  that  requires  Clarification, 
and  an  Estimate  for  Apparatus  and  Cost  of  Maintenance 
will  be  sent  free. 


FOR  FURTHER  PARTICULARS  APPLY  TO 


MAIGNEN’S  FILTRE  RAPIDE  & ANTI-CALCAIRE  CO. 

x«x3Mcxrr  za  x>, 

32,  ST.  MARY-AT-HILL,  EASTCHEAP,  LONDON,  E.C 


LAWRENCE’S  PATENT  CAPILLARY 
REFRIGERATORS. 

REGISTERED  TRADE  MARK:  “CAPILLARY  REFRIGERATOR.” 


LAWRENCE  & CO.,  Limited, 

Patentees  and  Manufacturers  of  the 

LAWRENCE,  CAPILLARY,  and  other  REFRIGERATORS, 

OOIVDEIVSERS,  &c.  &c., 

ffloppcrsmitljs,  grctocrs’  (Enpmccrs,  grass  anil  Sron  JFounirers. 

Offices : 22,  ST.  MARY  AXE,  LONDON,  E.C. 

London  Works  : French  Works  : 

Latimer  Road,  Netting  Hill.  Rue  du  Chevalier  Francais, 

_ LILLE. 

Messrs.  LAWRENCE  & COMPANY,  Limited,  are  prepared  to  guarantee 
their  Patent  CAPILLARY  REFRIGERATORS  for  a term  of  years. 


Messrs.  LAWRENCE  & Co.,  Limitkd,  also  invite  inspection  of  their  various  forms  of 
Refrigerators,  amongst  which  are  the  following  :— “ The  Low  Pall,”  “ The  Lawrence 
Plat,”  “The  Cascade,”  “The  Combined  Plow,”  and  many  others. 


The  Refrigerators  are  made  to  cool  from  the  Hop  Back  direct  to  within  2'  of  the  cooling 
water  used,  and  also  to  resist  great  pressure. 


It  having  come  to  the  knowledge  of  LAWRENCE  & Co.,  Limited,  that  other  manu- 
factui’ers  have  been  representing  that  they  are  able  to  manufacture  and  supply  “ Lawrence’s  ” 
Patent  Refrigerators,  <Ssc.,  they  hereby  give  notice  that  any  persons  supplying  or  using  machines 
constructed  under  their  patents,  without  their  permission,  will  at  once  be  proceeded  against 


In  competition  the  Capillary  Befrigerator  has  far  surpased  all  others,  and  is 
universally  admitted  to  he  the  most  economic  and  powerful,  reducing  the  wort  to  the  lowest 
temperature  with  the  smallest  quantity  of  water. 


Messrs.  LAWRENCE  & CO.,  Limited,  have  obtained  the  highest  award, 
viz.,  A GOLD  MEDAL,  at  the  PARIS  EXHIBITION  OF  BREWING 
APPARATUS,  in  October,  1887. 


Special  Estimates  for  every  description  of  Brewery  Work  on  application. 


22,  ST.  MARY  AXE,  LONDON,  Nov.  30th,  1S87. 


SLATE  BACKS,  &c. 


ASHTON  & GREEN, 

X.XZKEXrXTXlD, 

77, 12, 14,  & 15,  BURY  ST.,  ST.  MARY  AXE, 

I^0]Nr>0]V,  E.C. 


MANUFACTURERS  OF 

SLATE  SQUARES,  STILLIONS,  YEAST  & RACKING 
BACKS,  &c.,  ALSO  A.  & G.’S  SPECIALITY  TANKS 
FOR  FININGS,  STORING  YEAST,  &c. 


ASHTON  & GREEN,  LIMITED,  MANUFACTURE  ONLY 
FROM  THE  BEST  SLATE  SLABS. 


ESTIMATES  SENT  FREE  ON  APPLICATION. 


^rantlj  l^misf  : 

TEMPLE  GATE,  BRISTOL. 

Panufadoms : 

STRATFORD,  ESSEX;  BRISTOL;  and 
FESTINIOG,  NORTH  WALES. 


Telegraphic  Address  (two  words)  : — 

“ EDWARDS,  BURTON-ON-TRENT.” 

Burton  Pitching  Yeast 

PRICE  1-  PER  GALLON. 


We  are  supplying  Burton  Pitching  Yeast  immediately  on  receipt  of 
order  by  letter  or  telegram  at  1/-  per  gallon,  delivered  on  rails  here.  As 
we  unquestionably  have  the  largest  choice  of  Yeast  produced  in  Burton, 
we  are  enabled  to  select  such  Yeast  as  is  exactly  suited  to  our  Customers’ 
requirements,  and  whenever  you  desire  a change,  we  shall  be  most  happy 
to  do  our  utmost  for  you,  whilst  our  experience  of  many  years  in  supply- 
ing Brewers  with  Pitching  Yeast  will  probably  assure  you  of  our  ability 
to  meet  your  requirements  successfully. 

Mr.  FRANK  FAULKNER,  the  great  authority  on  Fermentation, 
after  using  our  Yeast  at  the  Crosswell’s  Brewery,  writes  us  as  follows, 
dated  19th  June,  1886  : — 

To  Messrs.  Edwards  & Co.,  Burton-on-Trent. 

“ I am  now  in  a position  to  report  that  after  examining  (at  different  dates) 
about  one  dozen  samples  of  your  Pitching  Yeast,  that  such  Yeast  is,  in  my 
opinion,  of  more  than  average  good  quality  and  purity ; this  expression  of 
opinion  being  based  upon  a very  extensive  knowledge  of  the  character 
or  Burton  Yeast  generally.  In  each  case  the  cells  of  alcoholic  Yeast 
have  been  extremely  regular  in  size,  contour,  and  general  physical  develop- 
ment ; this  being  very  marked  in  the  direction  of  internal  vacuole  and 
cellule,  while  each  specimen  has  contained  a considerable  percentage  of 
the  well-known  caseous  ferment.  The  purity  of  specimens  has  been 
undoubted,  this  being,  of  course,  largely  in  connection  -with  the  physical 
strength  of  the  alcoholic  Yeast  itself,  as  well  as  to  care  in  selection  and 
judicious  judgment  as  to  source  of  supply. 

“ I have  much  pleasure  in  again  saying,  therefore,  that  if  such  specimens 
represent  your  average  shipments  to  brewers,  your  Pitching  Yeast  generally 
must  be  of  very  good  quality.  ” 

We  supply  Dry  Yeast  when  specially  ordered,  and  forward  our 
approved  system  of  preparing  and  using  same.  We  shall  be  happy 
to  send  Price  List  on  application. 

EDWARDS  & CO., 

KOTTINGHAM  COOPERAGE, 

BURT0]¥-0]¥-TR£]VT. 

BREWERS’  NEW  CASKS,  guaranteed  hand-made  throughout,  as 
supplied  to  Burton  firms,  at  the  lowest  current  prices.  We  hold  a large, 
thoroughly  seasoned  stock  of  all  sizes  always  on  hand. 

EDWARDS  & CO.’S  SPECIAL"  REMADE  CASKS. 

(FULL  PARTICULARS  AND  PRICES  ON  APPLICATION.) 


ESTABLISHED  1836. 


G.&W.E.DOWNING, 

M-A-IiiTSTEItS, 

« ^ 

SMETHWICK,  near  BIRMINGHAM. 

MAKERS  OF  THE  FINEST  QUALITIES  OF  MALT. 

BEANCH  MALTINGS  : 

GLOUCESTER  DOCKS,  TEWKESBURY  ; SHREWSBURY, 
WALSALL,  WEST  BROMWICH,  and  BIRMINGHAM. 


Mr.  Frank  Faulkner  reports,  under  date  September  12th, 
1887 

“ I have  pleasure  in  handing  you  the  result  of  submitting  your 
English  Barley  Malt  to  a dual  system  of  mashing.  The  ligures 
prove  that  such  malt  has  been  perfectly  vegetated,  a similar  per- 
centage of  albuminous  matter  being  obtained  both  by  the  hot  and 
cold  infusion  methods.  I shall  have  pleasure  in  reporting  more 
fully  when  sending  you  the  results  arrived  at  with  your  second 
consignment  of  malt,  which  is  now  undergoing  examination.” 

Mr.  Frank  Faulkner’s  furtber  report  of  September  14tb, 
1887 

“ I have  now  pleasure  in  handing  you  results  of  submitting  Xo.  2 
sample  to  the  dual  method  of  mashing.  The  result  was  again  per- 
fectly satisfactory,  proving,  in  my  opinion,  that  this  malt  has  been 
made  on  thoroughly  ccjrrect  principles  of  artificial  vegetation,  as  indi- 
cated by  the  fact  that  the  material  seems  capable  of  yielding  the 
same  amount  of  soluble  albuminous  matter,  even  Avhen  infused  in  a 
lifpior  at  a high  temperature,  as  when  first  of  all  preliminarily 
mashed  with  cold  liquor.  1 need  not  bring  under  your  notice 
exactly  opposite  results,  but  can  assure  you  that  they  are  very 
characteristic  of  much  of  the  malt  that  is  common  at  the  present 
day.” 

E 


6E0R6E  ADLAffl  & SONS, 

BRISTOL. 


SOLE  MANUFACTURERS  OF 

OH  H OX^IIVOH'K 

PA  TENT 

TORREFIED  GRIST  MASHING  PLANT, 

ALSO  or 

PATENTED  MACHINERY, 

Specially  designed  on  the  most  scientific  principle  for  the 

Hot  Aeration  of  Mash  Tun  & Copper  Wort, 

AN  IMPROVED  SYSTEM  OF  WORT  CIRCULATION, 

THE  COLD  AERATION  AND  ROUSINC  OF  FERMENTINC 

WORT, 

AND  COMBINED  LIMITED  DECOCTION  PLANT. 


IMPROVED  CASK-DRYING  PLANT. 


CEDAR  VATS  AND  BACKS 

OF  ALL  KINDS. 


Fountain,  Girardot, 

and 

Forman,  Ltd. 

, I 

MALTSTERS. 

ADDRESSES.  TELESRAMS. 

DERBY,  Derwent  Buildings  (Head  Office)  . Girardot,  Derby. 

LONDON,  39,  Seething  Lane,  E.C.  . . . Girardot,  London. 

BURY  ST,  EDMUNDS, 

Borttigite  Mailings  . . . Girardot,  Bury  St.  Edmunds. 
SYDNEY,  N.S.W.,  91,  Pitt  Street  . . Derwent,  Sydney. 

WWW  ▼'▼  ^ wwww  ^ www  w w'w  wwwwww 

MAI^TINOS  : 

BURY  ST.  EDMUNDS,  SUFFOLK, 
And  DERBY. 


Established  1819. 


James’s  Gate  Brewery,  DiMin,  2oth  February,  1873. 

“ Dear  Mrs.  Plunkett, 

We  have  the  pleasure  of  statin;j  that  we  are  purchasing  considerable  (juautities  of  your 
Patent  Brown  Malt,  and  find  it  of  very  good  (juality.  We  would  also  say  that  our  connection  with 
your  Finn  and  that  of  youi-  husband,  the  late  Mr.  Itaudal  Plunkett,  and  his  father,  extends  over 
fifty  years,  during  whicli  we  have  had  large  and  satisfactory  transactions. 

ARTHUR  GUINNESS,  SONS  & CO. 

Mrs.  Eliza  Plunkett,  BeUe  Vne. 

SPECIALITIES. 


Chocolate  Finest  Patent  Malt  Roasted  for  Flavor. 
Finest  Patent  Malt  Roasted  for  flavor  and  color. 
No.  1 Patent  Roasted  Black  Malt  for  color. 

No.  2 Patent  Roasted  Black  Malt  for  color. 

Patent  Roasted  Barley. 


Patent  Roasted  Maize  (Patent  granted  June,  ’80) 

Special  “Candied”  Malt  (Registered  March  31,  '86) 

Golden  Finish  Malt. 

No.  1 Amber  Brown  Matt. 

No.  2 Amber  Brown  Malt. 

High-dried  Pale  Malt. 


Trade  Mark 


J.  A.  & A.  THOMPSON 

{Successors  to  G.  S.  & J.  THOMPSON), 

Maltsters,  OLOBXJRY. 

ESTABLISHED  1805. 


Messrs.  J.  A.  tSs  A.  Thompsox,  of  Oldbury,  are  prepared  to  execute  orders 
for  Malt  grown  and  cured  upon  the  most  improved  modern  principles.  The 
undernoted  results  have  recently  been  arrived  at  on  submitting  their  material 
of  tills  season’s  make  to  analytical  and  biological  examination,  as  well  as  to  a 
dual  system  of  mashing  in  Experimental  Brewery,  the  figures  proving  both  very 
satisfactory  vegetation  results,  and  final  perfect  curing  of  malt  during  kilning. 


The  LADORATonv,  Xovfmhu-  21al,  1887. 

Mpssrs.  J.  A.  & A.  Thompson,  Mattings,  Oldburj-. 

Dear  Sirs,— I have  pleasure  in  handing  you  analy.sis  of  the  sample  of  English  Barley  Malt 
received  from  you  on  the  15th  inst.,  together  wth  the  results  of  submitting  it  to  the  dual  method 
of  mashing  previously  described. 

I must  compliment  you  at  once  upon  the  success  that  has  attended  your  operations  in  so  far  as 
. regularity  of  growth  is  concerned,  since  you  are  aware,  of  course,  that  barfeys  of  this  season’s 
harvesting  vegetate  somewhat  “ steely,”  great  difficulty  being  experienced  in  determining  requisite 
extension  of  spire.  The  satisfactory  growth  in  the  present  case  is  conclusively  proved  by  the 
results  attained  when  submitting  your  malt  to  the  dual  method  of  mashing,  the  nitrogenous  per- 
ceiibige  obtained  when  infusing  the  material,  as  a preliminary  step,  in  cold  liquor  only  exceeding 
by  O’Wl  per  cent,  the  corresponding  percentage  when  striking  the  material  with  liquor  at  165°,  so 
that  altogether  I may  describe  the  material  as  having  been  made  upon  very  sound  principles  of 
working. 

The  results  of  biological  test  conflim  this  expression  of  opinion  in  everj-  way. 

Yours  truly,  FRANK  FAULKNER. 


ANALYSIS  OF  SAMPLE  OF  MALT, 


Received  November  \5th,from  Messrs.  J.  A.  & A.  Thompson,  Oldbury. 


Specific  Giuvit.y  of  10 

j 1026-90 

Total  Albumen  

8-93  i>er  cent. 

cent.  Wort 

Soluble  Albumen  

4-31  n 

Extract  per  quarter  ... 

fO-,38 

Insol.  Albumen  

4 42  ir 

Extract  per  cent. 

...  69-90  per  cent. 

Moisture  

1.30  » 

Acidity  of  Cold  Infusion 

-19  » 

Sinkers 

3-0  </ 

Acidity  of  Wort 

-26  " 
Biological 

Idlers  ..  

Examination. 

1-0  </ 

1 

Condition  of  miniature  mash  after 

24  hours. 

36  hours. 

48  hours. 

60  houi-s. 

Sound. 

Sound. 

Cloudy. 

Putrid. 

1 Sound. 

Sound. 

Sound. 

Cloudy. 

EXPERIMENTAL  BREWINGS  WITH  SAMPLE  OF  MALT, 

Received  November  \5th,from  Messrs.  J.  A.  & A.  Thompson,  Oldbury. 

No.  1.  Ordinary  No.  2.  Cold 

„ , . Infusion  Mash.  Infusion  Mash. 

bpociBc  Gravity  of  Wort  10.52-03  10.54-38 

Exti-act  per  cent 13-53  y 


Maltose 
De.x  trine 
Albumen 
Ash... 


Maltose 
Dextrine  ... 
Albumen  ... 

.Vsh 

Inert  Matters 


9-4H  <> 

1-82  » 

-72  « 

-23  w , 

Percentag-e  Composition  of  Dry  Extract. 

69-93  % 

13-26  » 

6-72  " 

1-73  >/  

9-36  » 


14-24  X 
9-96  " 
1-90  " 
-91  -/ 
-25  ■' 

69-90  % 
13-30  <' 
6-11  » 
1-79  „ 
8-60  " 


100-00 


100-00 


THU 


BREWERS’  JOURNAL 

AND 

Ibop  anb  fllbalt  ^rabes  IReview. 


THE 

ORIGINAL  & MOST  INFLUENTIAL  BREWING  ORGAN. 


HAS  A BONA-FIDE  SUBSCRIBED  CIRCULATION  EXCEEDING  THAT  OF 
ALL  THE  OTHER  ENGLISH  BREWING  PAPERS  COMBINED. 


Subscription,  20s.  per  Annum,  post  free. 


ADVERTISEMENT  SCALE. 


Whole  Page 
Half  Page 
Quarter  Page 
Eighth  Page 
Sixteenth  Page 


Twklvk  Months. 


Onck. 

£5  0 0 

2 15  0 
1 12  0 
0 18  0 < 
0 10  0 


£48  0 0 
27  0 0 
15  0 0 

9 0 0 
5 0 0 


For  SEVEN  LINES  and  UNDER  {SMALL  TYPE),  5s.  PER  INSERTION. 


EVERY  ADDITIONAL  LINE  SIXPENCE  EXTRA. 


The  above  Advertisement  Tariff  is  for  Net  Cash,  Qaarterl;/  Aceounts. 

Published  on  the  15th  of  every  Month.  Advertisements  should 
reach  the  Publishing  OflBces,  Eastcheap  Buildings,  London,  E.C., 
on  or  before  the  12th  of  the  Month. 

LYON, 

Publisher. 


F.  W. 


Mortimer  Jones  & Henry, 

^pnts  Haltrm, 

r.REWERS’  ACCOUXTAXTS, 
NICHOLAS  HOUSE,  12  & 13,  NICHOLAS  LANE, 
LONDON,  E.C. 


BREWING  CONCERNS  surveyed  and  reported  upon 
generally  on  behalf  of  intending  jmrchasers. 

BREWERY  VALUATIONS  made  for  vendors  or  pur- 
chasers on  speci.al  terms. 

PROFIT  AND  LOSS  and  BALANCE  SHEETS 
periodically  adjusted  at  fixed  fees. 
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